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FOREWORD 

For many decades the a r t  of structural analysis remained essentially stagnant, not because of 

Sack of theoretical understanding but because o f  l imitations on capability for  numerical computa- 

tion. The analyst was constrained to apply approximate continuum solutions of the equations of 

e l a s t i c i t y  to  his structure which yield,  fo r  the most par t ,  average s t ress  and s t ra in  dis t r ibut ions 

not taking account of localized structural features.  Fortunately, most a i r c r a f t  could be approxi- 

mated by a collection of beam-like one-dimensional structures--that i s ,  structures where s t a t e  of 

deformation could be adequately described by a s e t  of functions of a single space coordinate. B u t ,  

spacecraft structures and very high speed a i r c r a f t  began t o  depart appreciably from such idealiza- 

t ions. Structural analysts began t o  adapt theory t o  a i r c r a f t  structures viewed as an assemblage of 

a f i n i t e  number of e las t ic  components over 20 years ago. In one of the f i r s t  papers on the subject,  

Levy in 1947 isolated each component, placed i t  in s t a t i c  equilibrium, and regarded the internal 

forces as the unknown quantities.  The principle of minimum strain energy was applied t o  determine 

the correct internal force dis t r ibut ion.  Subsequent papers by Schuerch, Levy, Turner, Clough, 

Martin and others took the deformations of the various discrete  components of the structure as the 

unknown quant i t ies ,  instead of the forces on the components. The correct deformation pattern was 

obtained by applying the principle of minimum potential energy. In a l l  of these applications, 

matrix formulations were developed early as a means of organizing the bookkeeping. Numerical 

solutions were, f o r  the most part,  reduced t o  the processes of addition, subtraction, multiplica- 

t ion,  inversion and finding the character is t ic  roots and vectors of matrices. B u t  the analyst was 

limited a t  f i r s t  by the desk calculator. The inversion of ten by ten matrices by Crout's or an 

equivalent method was a formidable exercise. I t  i s  no wonder that  the ea r l i e s t  users of d ig i ta l  

computers in the a i r c r a f t  companies were the Structures and Dynamics Divisions of the Engineering 

Department. I t  was indeed fortunate that the bir th  of the digi ta l  computer came when i t  did. 

B u t  the development of software for  structural analysis became a separated and individualistic 

ac t iv i ty  with l i t t l e  or no coordination. There grew a tendency toward proprietary secrecy. L i t t l e  

compatability was developed among the various structural analysis programs throughout the country. 

The present program, called NASTRAN, i s  an attempt t o  bring together the best features of the s ta te  



of the  a r t  i n t o  a s ing le  program f o r  the  analys is  of la rge  complex s t ruc tu res .  The r e s u l t  i s  an 

exemplary beginning. I t  wil l  not s a t i s f y  every requirement a t  f i r s t .  B u t ,  i t  forms a framework 

f o r  an enormous s t ep  forward i n  the development of a common base. The NASA s t a f f  and contrac tors  

who conceived of and took p a r t  i n  t h i s  important new development a r e  t o  be commended f o r  t h e i r  

fo res igh t  and s k i l l .  

Dr. Raymond L. Bisplinghoff 
Dean, School of Engi neeri ng 
Massachusetts I n s t i t u t e  of Technology 



INTROOUCTION T O  T H E  NASTRAN P R O G R A M  

The acronym N A S T R A N  i s  for~iied from NAsa STRucturaT ANalys i s .  NASTRAN i s  a  

gene ra l  purpose  d i g i t a l  computer program f o r  t h e  a n a l y s i s  of l a r g e  complex s t r u c -  

t u r e s  and has i t s  o r i g i n s  i n  t h e  r e s e a r c h  c o u n c i l s  of NASA. During t h e  annual  

rev iew of NASA's r e s e a r c h  program i n  t h e  a r e a  of s t r u c t u r a l  dynamics by Douglas 

Michel o f  Headqua r t e r s  i n  J anua ry  1964 ,  i t  became a p p a r e n t  t h a t  t h e r e  was c o n s i d -  

e r a b l e  e f f o r t  by many of t h e  C e n t e r s  t o  deve lop  computer programs f o r  s t r u c t u r a l  

a n a l y s i s ,  de s igned  t o  meet each  of t h e  C e n t e r s '  p a r t i c u l a r  needs .  I t  was sug-  

ge s t ed  t h a t  perhaps  a  s i n g l e  program cou ld  meet a l l  t h e i r  needs .  The O f f i c e  of 

Advanced Research and Techno1 ogy appo in t ed  a  committee w i t h  r e p r e s e n t a t i o n  from 

e i g h t  NASA Cen te r s  t o  s t udy  t h i s  p o s s i b i l i t y .  Thus formed,  t h e  A D  H O C  G R O U P  ON 

C O M P U T E R  METHODS IN STRUCTURAL ANALYSIS was c o n s t i t u t e d  a s  f o l l o w s :  

Ames Research Center  Richard M .  Beam 

P e r r y  P .  Po l en t z  

Fl i g h t  Research Cen te r  Richard J .  Rosecrans 

Goddard Space Fl i  g h t  Center  Thomas G .  B u t l e r  

J e t  P ropu l s ion  Labora to ry  

Langl ey Research Center  

Lewis Research Center  

Manned S p a c e c r a f t  Center  

P e t e r  A .  Smidinger 

Marshal l  E .  Alper  

Rober t  M .  Barnford 

He rbe r t  J . Cunningham 

K i l l  iam C ,  S c o t t  

James D .  McAleese 

C .  Thomas Modlin, J r .  

Wil l iam W .  Renegar 

Marshal l  Space Fl i g h t  Cen t e r  Robert  L .  McComas 

A d j o i n t  Member: James Johnson from Wright P a t t e r s o n  Air  Force Base 

Chairman: Thomas G .  B u t l e r  

A f t e r  S I X  months of i n v e s t - i g a i ~ o n ,  t h e  Ad Hoc Group r epo r t ed  t o  Heddquar te rs  t h a t  

t h e r e  was no d i g i t a l  program in  e x i s t e n c e  which had broad ,  uniform c a p a b i l i t i e s  



i n  t h e  t h r e e  i n t e r d e p e n d e n t  d i s c i p l i n e s  of a n a l y t i c a l  mechanics ,  numerical  

methods, and computer programming. The Group d id  obse rve  t h a t  t h e r 6  was c o n s i d e r -  

a b l e  c a p a b i l i t y  d i s p e r s e d  t h roughou t  t h e  a e r o s p a c e  i n d u s t r y  which 'had not  been 

c o l l e c t e d  i n t o  a  s i n g l e  program. They found a l s o  t h a t  t h e r e  was a  tendency  toward 

p r o p r i e t a r y  s e c r e c y  which i n h i b i t e d  exchange of i n f o r m a t i o n .  Communication was 

f u r t h e r  h indered  by t h e  l a c k  of c o m p a t i b i l i t y  between any two companies '  s t r u c -  

t u r a l  a n a l y s i s  programs.  The Ad Hoc Group recommended t h a t  NASA sponsor  an en-  

t i r e l y  new program aimed a t  b r i n g i n g  t o g e t h e r  a l l  t h e  b e s t  i n  t h e  s t a t e - o f - t h e -  

a r t s .  NASA i s  i ndeb t ed  t o  many p e o p l e ,  but  e s p e c i a l l y  t o  t h e s e  i n d i v i d u a l s  i n  

t h e  s e v e r a l  companies f o r  a s s i s t i n g  t h e  Ad Hoc Group d u r i n g  i t s  i n v e s t i g a t i o n s :  

M .  John Turner  of Boeing S e a t t l e  

W .  J .  Cr ich law of Lockheed Burbank 

Paul ti. Denke of Douglas Long Beach 

Robert  J .  Melosh of Ph i l co  Western Development Labs 

Richard H .  Ga l l aghe r  of Bel l  of Buf f a lo  

P .  L .  Marshal l  of North American Columbus 

S t a n l e y  Kaufman of Mart in  Bal t imore  

Headquar te rs  endorsed t h e  recommendations of t h e  Ad Hoc Group and commissioned 

them t o  draw up a  s e t  of s p e c i f i c a t i o n s .  F o r t u n a t e l y ,  t h e  pape r s  from t h e  f i r s t  

Wright F i e l d  Conference ,  "On Matr ix Methods i n  S t r u c t u r a l  A n a l y s i s " ,  were a t  hand 

t o  c o n s u l t .  The o b j e c t i v e s  of t h e  s p e c i f i c a t i o n s  a r e  now being ach i eved :  

Combine t h e  b e s t  of t h e  s t a t e - o f - t h e - a r t s  i n  3 d i s c i p l i n e s .  

I n c o r p o r a t e  both t h e  Force and t h e  Displacement  app roaches  of f i n i t e  e l emen t s .  

Organize  t o  be General Purpose .  

Embody l a r g e  t h r e e  d imens iona l  s t r u c t u r a l  c a p a b i l i t y .  

E s t a b l i s h  computer independence .  

P rov ide  f o r  m o d i f i c a t i o n  w i thou t  c a scad ing  e f f e c t s .  

Build i n  t h e  maximum of u se r  conven ience .  

Document a l l  a s p e c t s  t o  ga in  maximum v i s i b i l i t y .  

The c o n t r a c t  t o  implement t h e  NASTRAN s p e c i f i c a t i o n s  was awarded t o  Computer 

S c i e n c e s  Corpo ra t i on  (CSC) wi th  MacNeal Schwendler ,  Mart in  B a l t i m o r e ,  and l a t e r  



B e l l  A e r o s y s t e m s  Company a s  s u b - c o n t r a c t o r s .  The team t h a t  CSC a s s e m b l e d  was one 

t h a t  i d e n t i f i e d  s t r o n g l y  w i t h  t h e  p r o j e c t .  The d e s i g n e r s  were  D r .  R i c h a r d  H .  

MacNeal ,  D r .  P a u l  R .  Peabody,  P r o f .  C .  W .  McCorm ick ,  M r :  S t a n l e y  Kaufman, M r .  

Thomas L .  C l a r k ,  and  M r .  D a v i d  B .  H a l l .  E x c e p t  f o r  D r .  Peabody,  a l l  o f  t h e  

d e s i g n e r s  were  a l s o  i n v o l v e d  w i t h  t h e  i m p l e m e n t a t i o n .  The team o f  c o m p u t e r  p r o -  

grammers was l e d  b y  M r .  K e i t h  H .  R e d n e r .  The o t h e r  p r i n c i p a l  members o f  t h e  

i m p l e m e n t a t i o n  team were  R i c h a r d  S .  P y l e ,  C a r l  H e n n r i c h ,  S t e v e n  E.  W a l l ,  Frank J. 

Doug1 a s ,  Howard Dielmann, and David Hert ing.  The q u a l i t y  o f  the NASTRAN program 

and i t s  d o c u m e n t a t i o n  i s  t e s t i m o n y  t o  t h e  p u r p o s e f u l n e s s  w i t h  w h i c h  t h i s  imp lemen-  

t a t i o n  team a p p l i e d  t h e m s e l v e s .  We i n  NASA e x t e n d  o u r  s i n c e r e  g r a t i t u d e  t o  a l l  

t h e s e  men. T h i s  t eam has o f t e n  e x c e e d e d  t h e  s t a t e - o f - t h e - a r t s  g u i d e l i n e s  t h a t  

we re  s e t  down. A  f e w  examp les  a r e :  t h e  Segment F i l e  A l l o c a t o r ,  t h e  G e n e r a l  

I n p u t / O u t p u t  Modu le ,  m a t r i x  d e c o m p o s i t i o n  w i t h  a c t i v e  c o l u m n s ,  t h e  i n c l u s i o n  o f  

s c a l a r  n o n l i n e a r i t i e s  i n  c o n t r o l  s y s t e m  d y n a m i c s ,  t h e  g e n e r a l i t y  i n  t h e  p l o t  

m o d u l e ,  and t h e  d e v e l o p m e n t  o f  t h e  s e l f - c o n t a i n e d  " i n v e r s e  power  w i t h  s h i f t s "  

m o d u l e  f o r  e i g e n v a l u e  e x t r a c t i o n .  The o v e r a l l  d e s i g n  o f  t h e  p r o g r a m  has  s e t  a  new 

s t a n d a r d  f o r  g e n e r a l  p u r p o s e  p r o g r a m s  o f  a n y  d i s c i p l i n e .  The f r a m e w o r k  used  i n  

NASTRAN c a n  be d i s a s s o c i a t e d  f r o m  e l a s t i c  s t r u c t u r e s  and be a p p l i e d  t o  o t h e r  d i s -  

c i p l i n e s ,  because  t h e r e  a r e  no s e m a n t i c  i m p l i c a t i o n s  i n  t h e  e x e c u t i v e  o p e r a t i o n s .  

The p r o g r a m  abounds  i n  s e r v i c e  code ,  t h a t  t h r e a d s  t h r o u g h  e v e r y  s t e p  o f  t h e  p r o b -  

l e m  p h y s i c s ,  p r o v i d i n g  c o n v e n i e n c e  t o  t h e  a n a l y s t .  

The NASTRAN P r o j e c t  p e r s o n n e l  a t  Goddard  Space F l i g h t  C e n t e r  a l s o  s t r o n g l y  

i d e n t i f i e d  w i t h  t h e  p r o g r a m .  They a r e :  R i c h a r d  D .  M c C o n n e l l ,  W i l l i a m  R. Case, 

James B .  Mason, U i l l i a m  L .  Cook,  and Edward F .  P u c c i n e l l i .  T h e i r  u n f l a g g i n g  

e f f o r t s  i n  d e b u g g i n g  and e d i t i n g  have  been i n d i s p e n s a b l e .  

Many p o l i c y  d e c i s i o n s  had t o  be made a s  t o  t h e  c o n t e n t  o f  NASTRAN. The t o t a l  

f r a m e w o r k  o f  t h e  p r o g r a m  was c o n s i d e r e d  t o  be t h e  mos t  i m p o r t a n t ;  i . e . ,  commen- 

s u r a t e  l a r g e  p r o b l e m  c a p a b i l i t y  f r o m  b a s i c  s t a t i c s  f o r  g e n e r a l  c o n d i t i o n s  t o  

advanced  d y n a m i c s ;  w i t h  an e x e c u t i v e  s y s t e m  t h a t  c o u l d  manage p r o b l e m s  unbounded  

by  c o r e ;  was compac t  i n  i t s  space r e q u i r e m e n t s ;  c o u l d  r e s t a r t  p r o b l e m s ;  c o u l d  

o p e r a t e  e f f i c i e n t l y  o v e r  d i f f e r e n t  c o m p u t e r s ;  and s t i l l  be m a i n t a i n a b l e .  T h i s  i s  

iii (3/1/70) 



a  c o s t l y  v e n t u r e  and one  c o u l d  n o t  e x p e c t  t h e  program t o  b e  c o m p l e t e  i n  a l l  i t s  

d e t a i l s .  We wanted i t  t o  be c o m p l e t e  i n  i t s  p r i n c i p a l s  and e s s e n t i a l s .  Conse-  

q u e n t l y ,  some a s p e c t s  were  of  n e c e s s i t y  p o s t p o n e d .  

I t  was d e c i d e d  t h a t  o n l y  b a s i c  f i n i t e  e l e m e n t s  would be i n c l u d e d  t o  d e a l  w i t h  

one  and two d i m e n s i o n a l  e l a s t i c  r e l a t i o n s h i p s  s u c h  a s  beams,  p l a t e s  a n d  a x i s y m -  

m e t r i c  s h e l l s .  Economy o f  r u n n i n g  t i m e  f o r  t h e  s t a t e - o f - t h e - a r t s  e l e m e n t s  was a  

d e t e r m i n i n g  f a c t o r  i n  t h e i r  s e l e c t i o n  More s o p h i s t i c a t e d  and new e l e m e n t s  have 

a p p e a r e d  i n  t h e  s t a t e - o f - t h e - a r t  s i n c e  t h e  i n c e p t i o n  o f  t h i s  p r o g r a m ,  which c a n  

e a s i l y  be i n c o r p o r a t e d .  

An i n t e r e s t i n g  t y p e  of  d e c i s i o n  e r u p t e d  a s  a  r e s u l t  o f  t h i r d  g e n e r a t i o n  

c o m p u t e r s .  The r e l a t i v e  c o s t s  o f  i n p u t - o u t p u t  and s o r t i n g  o p e r a t i o n s  had t o  be 

compared a g a i n s t  r e g e n e r a t i o n  whenever  c a l c u l a t e d  d a t a  was used s u b s e q u e n t l y .  I n  

t h e  m a j o r i t y  of i n s t a n c e s ,  t h e  d e c i s i o n  was made i n  f a v o r  o f  r e g e n e r a t i o n  b e c a u s e  

t h e  q u a n t i t y  of  i n p u t  d a t a  ( u s u a l l y  f rom s i n g l e  p r e c i s i o n  e n g i n e e r i n g  s o u r c e s )  was 

s m a l l ;  t h e  compute  t i m e  f o r  r e g e n e r a t i o n  was u s u a l l y  l e s s  t h a n  t h e  a s s o c i a t e d  

i n p u t - o u t p u t  t i m e ;  t h e  q u a n t i t y  of  g e n e r a t e d  d a t a  was u s u a l l y  o r d e r s  o f  m a g n i t u d e  

g r e a t e r  ( and  i n  d o u b l e  p r e c i s i o n )  compared t o  t h e  e n g i n e e r i n g  s o u r c e  d a t a ,  and 

t h e  r e a d  and w r i t e  o p e r a t i o n s  and s u b s e q u e n t  l o g i c a l  o p e r a t i o n s  f o r  s o r t i n g  and 

merg ing  were  v e r y  t ime-consumi  n g .  

I n  t h e  m a t t e r  o f  e i g e n v a l u e s ,  t h e  r a n g e  of demands i s  s u c h  t h a t  no s i n g l e  

c u r r e n t  r o u t i n e  w i l l  s a t i s f y  a l l  r e q u i r e m e n t s .  Two p r i n c i p a l  t y p e s  of r o u t i n e s  

were  d e c i d e d  upon;  t h o s e  t h a t  t r a n s f o r m  t h e  whole  n i a t r i x  f o r  s i m u l t a n e o u s  d e t e r -  

m i n a t i o n  o f  r o o t s  and t h o s e  t h a t  perForm s e p a r a t e  o p e r a t i o n s  on t h e  o r i g i n a l  

m a t r i x  f o r  e a c h  r o o t  e x t r a c t e d .  The f o r m e r  i s  Inore e f f i c i e n t  f o r  a  l a r g e  number 

o f  r o o t s ,  w h i l e  t h e  l a t t e r  t y p e  i s  more e f f i c i e n t  f o r  a  few r o o t s  of  l a r g e  

m a t r i c e s .  S o l u t i o n  of  complex m a t r i c e s  i s  pe r fo rmed  o n l y  by t h e  r o o t  t r a c k i n g  

schemes  and n o t  by t r a n s f o r m a t i o n  m e t h o d s ,  b e c a u s e  e x i s t i n g  t r a n s f o r m a t i o n  t e c h -  

n i q u e s  f o r  complex m a t r i c e s  a r e  t o o  e x p e n s i v e .  

T h e r e  was d d v l c e  f rom many s o u r c e s  t h a t  t h e  t l m e  was n o t  r i g h t  Tor a  l a r g e  

g e n e r a l  p u r p o s e  p r o g r a m ,  b e c a u s e  t h e  f l u x  i n  ha rdware  d n d  s o f t w a r e  was t o o  g r e a t .  

The f e a r  was t h a t  t h e  e n d e a v o r  would r e s u l t  i n  a program which would be o b s o l e t e  



b e f o r e  i t  was f i n i s h e d .  The r a p i d l y  changing  computer t echnology  had t h e  o p p o s i t e  

e f f e c t  on t h e  NASTRAN P r o j e c t .  The s i t u a t i o n  f o r c e d  men t o  t h i n k  more g e n e r a l l y  

s o  t h a t  v i a b i l i t y  could  be preserved  i n  spanning  t h e  gap between second and t h i r d  

g e n e r a t i o n  machines and a n t i c i p a t i n g  t h e  impact  of f o u r t h  g e n e r a t i o n  computers .  

The d e c i s i o n  was made t o  w r i t e  a  s i n g l e  program i n  F O R T R A N  IV wi th  some e x c e p t i o n -  

a l  a r e a s  t o  be w r i t t e n  i n  assembly l anguage .  F O R T R A N  IV v e r s i o n  13  i n  i t s  v a r i o u s  

forms on d i f f e r e n t  computers  seems t o  have s t a b i l i z e d  o u t  a s  a  l anguage  t h a t  w i l l  

have c u r r e n c y  f o r  a  r e a s o n a b l e  t ime  i n  t h e  f u t u r e .  More than  99% of t h e  program 

i s  w r i t t e n  i n  t h i s  FORTRAN. The program i s  modular s o  t h a t  upda t ing  i s  a  m a t t e r  

of revamping m a t e r i a l  w t t h i n  a  module w i thou t  modifying i t s  e x t e r n a l  a p p e a r a n c e s .  

The t a s k  of  w r i t i n g  a  program t h a t  performed e f f i c i e n t l y  on d i f f e r e n t  manu- 

f a c t u r e r s '  computers  f o r c e d  many d e c i s i o n s .  I t  was ve ry  tempt ing  t o  c a p i t u l a t e  

t o  t h e  d i s p a r i t i e s  amongst t h e  computers  and r e s i g n  o u r s e l v e s  t o  t h e  r a t i o n a l e  

t h a t  f o r  each  computer ,  t h e r e  would be a  d i f f e r e n t  v e r s i o n ' o f  NASTRAN. F o r t u -  

n a t e l y ,  t h e  d e c i s i o n  was made t o  c r e a t e  j u s t  one v e r s i o n  of NASTRAN. In some 

r e s p e c t s ,  t h i s  d e c i s i o n  might have been viewed by some a s  having a  c o r r o d i n g  

e f f e c t  on t h e  program. The concep t ion  d e r i v e s  from t h e  c o n d i t i o n  t h a t  code  was 

no t  w r i t t e n  s i m u l t a n e o u s l y  f o r  a l l  computers .  I t  was w r i t t e n  f i r s t  f o r  t h e  

"development  computer - t h e  IBM D i r e c t  Coupled 7094/7040";  s u b s e q u e n t l y ,  i t  was 

t r i e d  on t h e  o t h e r s .  F a i l u r e s  of programming d e s i g n s  on subsequent  machines 

dec rea sed  t h e  s e t  of admis sab l e  p rocedu re s  t h a t  remained i n  t h e  i n t e r s e c t i o n  of 

t h e  languages  of a l l  r e q u i r e d  computers .  F o r t u n a t e l y ,  t h e  remaining s u b s e t  i s  

s u f f i c i e n t l y  v e r s a t i l e ,  t h a t  i t  was p o s s i b l e  t o  a c h i e v e  commonality w i t h o u t  

becoming p r i m i t i v e .  To d a t e ,  t h e  computers  f o r  which NASTRAN has been adopted  a r e :  

IBM 7094/7044,  UNIVAC 1108,  CDC6600, and IBM 360.  One s e r i o u s  l a c k  of common 

i n t e r s e c t i o n  was i n  c o r e  management. NASTRAN i s  so l a r g e  t h a t  l o g i c  demands t h a t  

i t  be de s igned  i n  m u l t i p l e  l i n k s  h o r i z o n t a l l y  and i n  many l e v e l s  of o v e r l a y  

v e r t i c a l l y  w i th  t h e  a d d i t i o n a l  a b i l i t y  t o  manage c o r e  dynamica l l y .  When i t  was 

found t h a t  Cont ro l  Data d i d  n o t  p rov ide  f o r  t h i s  t y p e  of c o r e  management, t h e  

d e c i s i o n  was made t o  w r i t e  a  l o a d e r  t o  r e p l a c e  t h a t  which Control  Data o f f e r e d  

wi th  t h e i r  S C O P E  3 o p e r a t i n g  sys tem.  The b a s i c  s e t  of NASTRAN f u n c t i o n a l  modules 



i s  t h u s  p r e se rved  a s  a  s i n g l e  u n i t  f o r  a l l  computers .  Problems i n  t r o u b l e - s h o o t -  

ing  and main tenance  a r e  t h u s  con f ined  t o  a  s i n g l e  s o u r c e .  T h i s  d e c i s i a n  a f f e c t e d  

t h e  c o m p a t i b i l i t y  w i t h  t ime  s h a r i n g  of t h e  IBM TSS t y p e .  A n  e n t i r e l y  d i f f e r e n t  

v e r s i o n  of NASTRAN would be r e q u i r e d  t o  a d a p t  t h e  program t o  t h e  TSS sys tem.  

We1 1  -founded doub t s  a1 so  p e r s i s t  abou t  i t s  even tua l  e x e c u t i o n  e f f i c i e n c y .  Conse- 

q u e n t l y ,  NASTRAN i s  no t  de s igned  t o  o p e r a t e  under a  t ime  s h a r i n g  sys tem.  

O r i g i n a l l y ,  a  number of conven iences  were going t o  be b u i l t  i n t o  NASTRAN. 

As d e s i g n  e v o l v e d ,  t h e  number of convenience  nominees expanded.  I t  was f i n a l l y  

dec ided  t h a t  conveniences  having t o  do w i th  t h e  p r e p a r a t i o n  of i n p u t  d a t a  i n  

NASTRAN format  were p r o p e r l y  e x t e r n a l  t o  t h e  program. Al l  such r o u t i n e s  could  be 

c l a s s i f i e d  a s  NASTRAN a u x i l i a r y  programs.  Examples of t h i s  c l a s s i f i c a t i o n  a r e :  

t h e  au toma t i c  g e n e r a t i o n  of g r i d  p o i n t s  and e l a s t i c  e l emen t s  f o r  an a n a l y t i c a l l y  

known geomet ry ,  t h e  computa t ion  of e q u a t i o n  o r d e r i n g  f o r  t h e  min imiza t i on  of t h e  

bandwidth of non z e r o  e l emen t s  i n  t h e  s t i f f n e s s  m a t r i x ,  o r  t h e  f o r m a t t i n g  of 

expe r imen ta l  d a t a  a s  i n p u t  t o  t h e  General Element.  Hundreds of such programs w i l l  

p robably  be w r i t t e n  and t h e i r  l i v e s  w i l l  p robably  be s h o r t .  For t h e s e  r e a s o n s ,  

t hey  a r e  c o n s i d e r e d  e x t e r n a l  a u x i l i a r i e s .  C i r c u l a t i o n  of  announcements about  such 

programs w i l l  be made t o  u s e r s  of t h e  program, so  t h e y  can  be o b t a i n e d  e a s i l y .  

Hope fu l l y ,  t h e  framework t h a t  has been b u i l t  has  a l s o  been s u f f i c i e n t l y  wel l  

f l e s h e d  o u t  t h a t  i t  w i l l  s e r v e  a  s i z a b l e  p o r t i o n  of t h e  l a r g e  problems i n  t h e  

s t r u c t u r a l  a n a l y s i s  community c u r r e n t l y .  I t  i s  i n t ended  t h a t  new c a p a b i l i t y  be 

added o r  o u t d a t e d  c a p a b i l i t y  be r e p l a c e d  by augmenting o r  r e p l a c i n g  modules. 

A n  e n t i r e  c h a p t e r  i n  t h e  Programmer 's  Manual has been devoted t o  t h e  t o p i c  of 

M o d i f i c a t i o n s  and Add i t i ons  i n  a n t i c i p a t i o n  of s e r v i n g  t h i s  p a r t i c u l a r  a c t i v i t y .  

The t r a f f i c  i n  t h e  development  of new and i n c r e a s i n g l y  v e r s a t i l e  e l a s t i c  modules 

i s  expec ted  t o  be t h e  most a c t i v e .  As a n a l y s t s  i n c r e a s e  t h e i r  u se  of t h e  program, 

t h e i r  d e t a i l e d  needs w i l l  become b e t t e r  d e f i n e d  wi th  t h e  consequent  r e s u l t  t h a t  

t h e  t r a f f i c  i n  "convenience  code"  w i l l  a l s o  be expec ted  t o  i n c r e a s e .  I t  i s  our  

s t r o n g  d e s i r e  t h a t  a l l  such new f e a t u r e s  be c a l l e d  t o  t h e  a t t e n t i o n  of t h e  

NASTRAN P r o j e c t  so t h a t  t h e s e  i d e a s  and r o u t i n e s  can be d i s s emina t ed  t o  a  broad 

a u d i e n c e .  Thomas G. B u t l e r  
NASTRAN P r o j e c t  Manager 
Goddard S ~ a c e  F l i g h t  Center  
G r e e n b e l t ,  Maryland 

v i  (3/1/70) 



EDITORS PREFACE 10 THE NASTRAN USER'S MANUAL 

The User's Manual i s  one of three  manuals t h a t  cons t i tu t e  the documentation f o r  NASTRAN, the  

o ther  two being the Theoretical  Manual and the  Programmer's Manual. Although the  User 's  Manual 

contains a l l  of the information t h a t  i s  d i r e c t l y  associated with the  solution of problems with 

NASTRAN, the  user wi l l  f ind  i t  des i rable  t o  r e f e r  t o  the  o ther  manuals f o r  ass is tance  in  the  

solution of s p e c i f i c  user problems. 

The Theoretical Manual i s  an excel lent  introduction t o  NASTRAN f o r  those who are  using 

NASTRAN f o r  the  f i r s t  time. The User's Manual i s  r e s t r i c t e d  t o  those items re l a t ed  t o  the  use of 

NASTRAN t h a t  are  independent of the  computing system being used. Computer dependent mat ters ,  such 

as operating system control  cards ,  are t rea ted  i n  Section 5 of the Programmer's Manual . 

NASTRAN uses a f i n i t e  element s t ruc tu ra l  model, wherein the d i s t r ibu ted  physical proper t ies  

of a s t ruc tu re  a re  represented by a f i n i t e  number of s t ruc tu ra l  elements which are interconnected 

a t  a f i n i t e  number of gr id  points ,  t o  which loads are  applied and f o r  which displacements a r e  

calculated.  The procedures f o r  defining and loading a s t ruc tu ra l  model are described in Section 1 .  

This sec t ion contains a functional  reference f o r  every card t h a t  i s  used f o r  s t ruc tu ra l  modeling. 

The NASTRAN Data Deck, including the  d e t a i l s  f o r  each of the data cards,  i s  described in  

Section 2.  This sec t ion a l so  discusses the  NASTRAN control cards t h a t  are  associated with the 

use of the  program. 

The i n i t i a l  version of NASTRAN contains twelve separa te  problem solution sequences, ca l led  

r i g i d  formats. Each of these r i g i d  formats i s  associated with the solution of problems f o r  a 

pa r t i cu la r  type of s t a t i c  o r  dynamic analys is .  Section 3 contains a general description of r i g i d  

format procedures, along with spec i f i c  ins t ruct ions  f o r  the use of each r ig id  format. 

The procedures f o r  using the  NASTRAN plot t ing  capab i l i ty  are  described in  Section 4. Both 

deformed and undeformed plots  of the  s t ruc tu ra l  model are avai lable .  Response curves are a l so  

avai 1 able f o r  t r ans ien t  response and frequency response analyses.  

In addit ion t o  the r i g i d  format procedures, t he  user may choose t o  write h is  own Direct Matrix 

Abstraction Program (DMAP). This procedure permits the user  t o  execute a s e r i e s  of matrix opera- 

t ions  of h i s  choice along with any u t i l i t y  modules or  executive operations t h a t  he may need. The 

ru les  governing the creation of DMAP programs are described i n  Section 5 .  

v i i  (3/1/90j 



The NASTRAN diagnostic messages are  documented and explained in  Section 6 .  The NASTRAN 

Dictionary, in Section 7 ,  contains descr ip t ions  of mnemonics, acronyms, phrases, and other  

common7 y used NASTRAN terms. 

Sample problems are  not included i n  t he  User's Manual. However, a s e t  of twenty demonstration 

problems, a t  l e a s t  one f o r  each of the  twelve r i g i d  formats, are described i n  an auxi l iary  

publication e n t i t l e d  the  NASTRAN Demonstration Problem Manual. The data decks are  avai lable  on 

tape,  in the form of a User's Master F i l e ,  f o r  each of the  computers on which NASTRAN has been 

implemented. Samples of t h e  p r i n t e r  output and of s t ruc tu re  p lo ts  and response p lo t s  can be 

obtained by executing these demonstration problems. 

A g rea t  many people have been associated with the  development of NASTRAN and a l l  have had 

some influence on the  preparation of the  User's Manual. Most of the members of both the  pro- 

gramming s t a f f  and engineering s t a f f  have made some d i r e c t  contributions t o  the User's Manual. 

Pa r t i cu la r  recognition i s  due Mr. Carl W. Hennrich who had d i r e c t  r e spons ib i l i t y  f o r  the  collec- 

t i on  and preparation of much of the  materi a1 i n  the  Manual . In addi t ion ,  Mr Thomas G .  Butler ,  

the NASTRAN Project  Manager, and his  devoted group a t  Goddard Space Flight Center, should be 

commended f o r  t h e i r  painstaking and constructive review of the  User's Manual. 

Caleb W. McCormick 

August, 1969 

v i i i  (3/1/70) 
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SS'RUCTUBAL MODELING 

NASTRAN embodies a lumped element approach, wherein the distributed physical properties of 

a structure are represented by a mode1 consisting of a f i n i t e  number of idealized substructures 

or elements tha t  are interconnected a t  a f i n i t e  number of grid points, to  which loads are applied. 

All input and output data pertain t o  the idealized structural model. The major steps in the 

definition and loading of a structural model are indicated in Figure 1. 

As indicated in Figure 1,  the grid point definition forms the basic framework for  the 

structural model. All other parts of the structural model are referenced ei ther  directly or  

indirect ly  to  the grid points. 

Two general types of grid points are used in defining the structural   nod el. They are: 

1. Geometric grid point - a point in three-dimensional space a t  which three components of 
translation and three components of rotation are  defined. The coordinates of each 
grid point are specified by the user. 

2 .  Scalar point - a point in vector space a t  which one degree of freedom i s  defined. 
Scalar points can be coupled t o  geometric grid points by means of scalar elements and 
by constraint relationships. 

The structural element i s  a convenient means for  specifying many of the properties of the 

structure, including material properties, mass dis t r ibut ion and some types of applied loads. In 

s t a t i c  analysis by the displacement method, s t i f fness  properties are input exclusively by means 

of structural elements. Mass properties (used in the generation of gravity and iner t ia  loads) 

are input e i ther  as properties of structural elements or  as properties of grid points. In 

dynamic analysis, mass, damping, and s t i f fness  properties may be input e i ther  as the properties 

of structural elements or as the properties of grid points (direct  input matrices). 

Structural elements are defined on connection cards by referencing grid points, as indicated 

on Figure 1. In a few cases, a l l  of the information required to generate the structural matrices 

for  the element i s  given on the connection card. In most cases the connection card refers t o  a 

property card, on which the cross-sectional properties of the element are given. The property 

card in turn refers t o  a material card which gives the material properties. If  some of the 

material properties are s t ress  dependent or temperature dependent, a further reference i s  made 

to tables for t h i s  information. 

Various kinds of constraints can be applied t~ the grid points, Single-point c ~ n s t r a i n t s  

are used t o  specify boundary conditions, including enforced displacements of grid points. 
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Multipoint constraints are used t o  specify a linear relationship among selected degrees of 

freedom, including the definition of in f in i te ly  rigid elements. Omitted points are used as a 

tool i n  matrix parti  tioning and f a r  reducing the number of degrees of freedom used in dynamic 

analysis. Free-body supports are used to  remove stress-free motions in s t a t i c  analysis and t o  

evaluate the free-body iner t ia  properties of the structural model. 

S ta t ic  loads may be applied to  the structural model by concentrated loads a t  grid points, 

pressure loads on surfaces, or indirect ly ,  by means of the mass and thermal expansion properties 

of structural elements are enforced deformati ~ n s  of one-dimensional structural elements. Due to 

the great variety of possible sources f o r  dynamic loading, only general forms of loads are 

provided to the user in  dynamic analysis. 

The following sections describe the general procedures for defining structural models. 

Detailed instructions for  each of the bulk data cards and case control cards are given in Section 

2 .  Addi t isnal  information on the case control cards and use of parameters i s  given for  each 

r igid format in Section 3 .  



Figure 1. Structura l  model, 

1.1-3 
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1 .2  GRID POINTS 

1.2.1 G r i d  P o i n t  D e f i n i t i o n  

Geometric g r i d  p o i n t s  are d e f i n e d  on GRID b u l k  data cards by s p e c i f y i n g  t h e i r  c o o r d i n a t e s  i n  

e i t h e r  the  b a s i c  o r  a  l o c a l  c o o r d i n a t e  system. The i m p l i c i t l y  d e f i n e d  b a s i c  coord ina te  system i s  

r e c t a n g u l a r ,  except  when us ing  a x i  symmetric elements. Local  c o o r d i n a t e  systems may be r e c t a n g u l  a r ,  

c y l i n d r i c a l ,  o r  s p h e r i c a l .  Each l o c a l  system must be r e l a t e d  d i r e c t l y  o r  i n d i r e c t l y  t o  the  b a s i c  

coord ina te  system. The CflRD1 C, CflRDlR and CflRDlS cards a r e  used t o  d e f i n e  c y l i n d r i c a l  , r e c t a n g u l a r  

and s p h e r i c a l  l o c a l  c o o r d i n a t e  systems, r e s p e c t i v e l y ,  i n  terms o f  t h r e e  geometr ic  g r i d  p o i n t s  

which have been p r e v i o u s l y  de f ined .  The CflRDZC, CflRD2R and CflRD2S cards a re  used t o  d e f i n e  c y l i n -  

d r i  c a l  , r e c t a n g u l a r  and s p h e r i c a l  l o c a l  coord ina te  systems, r e s p e c t i v e l y ,  i n  terms o f  t h e  coord in -  

a tes  o f  t h r e e  p o i n t s  i n  a p r e v i o u s l y  d e f i n e d  c o o r d i n a t e  system. 

S i x  r e c t a n g u l a r  d isp lacement  components (3 t r a n s l a t i o n s  and 3 r o t a t i o n s )  are d e f i n e d  a t  each 

g r i d  p o i n t .  The l o c a l  coord ina te  system used t o  d e f i n e  t h e  d i r e c t i o n s  o f  mot ion may be d i f f e r e n t  

f rom the  l o c a l  coord ina te  system used t o  l o c a t e  t h e  g r i d  p o i n t .  Both t h e  l o c a t i o n  c o o r d i n a t e  

system and t h e  d isp lacement  coord ina te  system are  s p e c i f i e d  on t h e  GRID card  f o r  each geometr ic  

g r i d  p o i n t .  The o r i e n t a t i o n  o f  d isp lacement  components depends on the  type  of l o c a l  c o o r d i n a t e  

system used t o  d e f i n e  t h e  d isp lacement  components. I f  t h e  d e f i n i n g  l o c a l  system i s  r e c t a n g u l a r ,  

t h e  d isp lacement  system i s  p a r a l l e l  t o  t h e  l o c a l  system and i s  independent o f  t h e  g r i d  p o i n t  

l o c a t i o n  as i n d i c a t e d  i n  F igure  l a .  I f  t h e  l o c a l  system i s  c y l i n d r i c a l ,  t h e  d isp lacement  compo- 

nents a re  i n  t h e  r a d i a l ,  t a n g e n t i a l  and a x i a l  d i r e c t i o n s  as i n d i c a t e d  i n  F i g u r e  l b .  I f  t h e  l o c a l  

system i s  s p h e r i c a l ,  t h e  d isp lacement  components a r e  i n  t h e  r a d i a l ,  m e r i d i o n a l ,  and az imuthal  

d i r e c t i o n s  as i n d i c a t e d  i n  F igure  l c .  Each geometr ic  g r i d  p o i n t  may have a  unique d isp lacement  

coord ina te  system a s s o c i a t e d  w i t h  it. The c o l l e c t i o n  o f  a l l  d isp lacement  coord ina te  systems i s  

known as t h e  g l o b a l  coord ina te  system. A l l  mat r i ces  are formed and a l l  displacements a r e  o u t p u t  

i n  the  g l o b a l  coord ina te  system. 

P r o v i s i o n  i s  a l s o  made on t h e  GRID card  t o  app ly  s i n g l e - p o i n t  c o n s t r a i n t s  t o  any o f  t h e  d i s -  

placement components. Any c o n s t r a i n t s  s p e c i f i e d  on the  GRID c a r d  w i l l  be a u t o m a t i c a l l y  used f o r  

a l l  s o l u t i o n s .  C o n s t r a i n t s  s p e c i f i e d  on t h e  GRID card  a re  u s u a l l y  r e s t r i c t e d  t o  those degrees o f  

freedom t h a t  w i l l  n o t  be e l a s t i c a l l y  c o n s t r a i n e d  and hence must be removed f rom the model i n  o r d e r  

t o  a v o i d  s i n g u l a r i t i e s  i n  t h e  s t i f f n e s s  m a t r i x .  
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The GRDSET card i s  provided to avoid the necessity of repeating the speci f ica t ion of location 

coordinate systems, displacement coordinate systems, and single-point  cons t r a in t s ,  when a l l ,  o r  

many, of the GRID cards have the same e n t r i e s  f o r  these items. When any of the 3 items a re  speci- 

f i ed  on the GRDSET card,  the  en t r i e s  are  used to  replace blank f i e l d s  on the GRID card f o r  these 

items. This fea ture  i s  useful in the case of such problems as space t russes  where one wishes t o  

remove a l l  of the  ro ta t ional  degrees of freedom o r  in  the case of plane s t ruc tu res  where one 

wishes t o  remove a l l  of the out-of-plane o r  a l l  of the  in-plane motions. 

Scalar points are defined e i t h e r  on an SPOINT card o r  by reference on a connection card f o r  a 

s c a l a r  element. SPOINT cards are  used primarily to  define s c a l a r  points appearing in  cons t r a in t  

equations, but to which no s t ruc tu ra l  elements are  connected. A s c a l a r  point  i s  impl i c i t ly  

defined i f  i t  i s  used as a connection point f o r  any s c a l a r  element. Special s c a l a r  points ,  ca l l ed  

"extra points" ,  may be introduced f o r  dynamic analyses. Extra points are  used in  connection with 

t r ans fe r  functions and other  forms of d i r e c t  matrix input used in dynamic analyses and a r e  defined 

on EPOINT cards.  

1.2.2 Grid Point Sequencing 

The best  so lut ion times are  obtained i f  t he  gr id  points can be sequenced i n  such a manner as 

to  c rea te  s t i f f n e s s  matrices having r e l a t i v e l y  narrow bands. In some cases the  bandwidth can be 

subs tan t i a l ly  reduced by purposely sequencing a few of the  gr id  points well outside the band. The 

resul t ing  nonzero terms outs i  de the band are  t r ea t ed  individual ly  by the  t r i angu la r  decomposition 

routines.  Columns of a matrix containing nonzero terms outs ide  the  band a re  refer red  t o  as 

"ac t ive  col umns". The detai  1s of the  pa r t i  a1 l y  banded decomposition rout ines  are  given in  Section 

2 .2  of the Theoretical Manual. I f  t he  bandwidth i s  la rge  enough t o  cause excessive use of secon- 

dary storage devices ( s p i l l )  during the  t r i angu la r  decomposition of the  s t i f f n e s s  matrix in  s t a t i c  

analys is ,  i t  may be more e f f i c i e n t  t o  use the  pa r t i t i on ing  procedure described in  Section 1.4.4.  

Excluding gr id  points t h a t  are  purposely sequenced outside the  band, the  bandwidths of s t i f f -  

ness matrices are  proportional to  the maximum difference between any two connected grid point  

sequence numbers. The discussion and examples t h a t  follow will  discuss bandwidths and ac t ive  

columns in terms of geometric gr id  points .  Since each geometric gr id  point  can have one t o  s i x  

degrees of freedom, the bandwidths of the resul t i  ng matrices a re  determined accordingly. The 

semi band i s  defined as the maxirnum number of columns included from the diagonal term in any row 
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to the  mostremote term ins-ide the  hand. 1°F the  diagonal Serrris are  excluded, t h e  sr rn i  baiid 'li 

proportional t o  the maximum di fferetice between any two connected gr id  point numbers i n  the  bani!. 

I n  the discussion of the  examples, i t  i s  assumed t h a t  the  gr id  points a re  connected with one- 

dimensional elements. 

Examples of proper gr id  point  sequencing f o r  mi nimuin bandwidth f o r  one-dimensi onal systems 

dre shown i n  Figure 2. For open loops, a consecutive numbering system should be used as shown i n  

Figure 2a. Generally there  i s  improvement i n  the  accumulated roundoff e r r o r  i f  the gr id  points 

a re  sequenced from the  f l e x i b l e  end t o  the s t i f f  end. 

For closed loops the  gr id  points should be sequenced as shown in  Figure 2b. This model b i l l  

have twice the semiband of the  model shown in  Figure 2a. I f  the sequencing i s  as shown in  Figure 

2c, the semi band wi 11 be half  of t h a t  f o r  the  sequencing shown in Figure 2b. However, the connec- 

t i on  between gr id  points 1 and 8 w i  11 crea te  a number of ac t ive  columns equal t o  the semi band, 

and the net  r e s u l t  i s  t h a t  the semiband of the f i r s t  case i s  equal t o  the sum of the semiband 

and number of ac t ive  columns f o r  the  secc.ld case. Since i t  takes about twice as long to  process 

ac t ive  columns as terms ins ide  the  band, the  sequence shown in Figure 2b i s  to be preferred .  

Examples of gr id  point sequencing f o r  surfaces are shown in Figure 3. For plane o r  curved 

surfaces where the pat tern  of gr id  points tends to  be rectangular,  t he  sequencing shown in Figure 

3a w i  11 r e s u l t  in the  shor t e s t  solution times. The semiband wi 11 be proportional t o  the number 

of gr id  points along the  shor t  d i rec t ion of the pat tern .  I f  the pat tern  of grid points shown in 

Figure 3a i s  made in to  a closed surface by connecting gr id  points 1 and 1 7 ,  2 and 18, e t c . ,  a 

number of ac t ive  columns equal t o  the semiband will  be created.  An a l t e rna te  sequencing f o r  a 

closed loop i s  shown in Figure 3b, where the  semiband i s  proportional to  twice the number of gr id  

points in a row. For cyl indr ica l  o r  s imi l a r  closed surfaces ,  the  sequencing indicated in  Figure 

3b i s  more e f f i c i e n t  i f  the number of gr id  points in the circumferential  d i rec t ion i s  more .than 

twice the  number in  the axial  d i rec t ion.  I f  the number of grid points in the circumferential  

d i rec t ion i s  less  than twice the  number in the  axial  d i r ec t ion ,  the sequencing indicated in Figure 

3a, w i  tli the consecutive numbering in the  ci rcumferenti a1 d i r ec t ion ,  i s  more e f f i c i e n t .  

In general ,  sequences of gr id  points tha t  generate ac t ive  columns cannot be expected to  shor t -  

en computing times subs tan t i a l ly  unless the semiband can be reduced by about two f o r  each ac t ive  

column introduced. This i s  not l i k e l y  to  be the case f o r  most surfaces .  An excep-tion i s  tile case 

o f  radial  pa t terns ,  where the sequencing indicated in Figure 3c i s  the most e f f i c i e n t  i f  tiiei-,e a r e  
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more grid points on a circumferential 1 i ne than on a radial  l i n e .  In t h i s  case,  the semi band i s  

proportional to  the number of gr id  points on a radial  l i n e ,  and the number of ac t ive  columns i s  

equai to  the number of degrees of freedom a t  the center  gr id  point .  I f  there are  more gr id  points 

on a radial  l i n e  than a circumferential l i n e ,  the consecutive numbering should extend in  the 

circumferential d i r ec t ion ,  beginning with the  outermost circumferential  r ing.  In t h i s  case ,  the  

semi band i s  proportional to  the number of grid points on a circumferential  l i n e  and there  a re  no 

ac t ive  columns . 

I f  the gr id  points form a f u l l  c i r c u l a r  pa t t e rn ,  the closure wi l l  c rea te  a number of ac t ive  

columns proportional t o  the  nuniber of gr id  points on a radia l  l i n e  i f  the  gr id  points are  numbered 

as shown in Figure 3c. A more e f f i c i e n t  scheme i s  to  number the  radial  l i nes  a l t e rna te ly ,  s i m i l a r  

t o  the  sequence shown f o r  a rectangular array i n  Figure 3b. This sequence wi l l  r e s u l t  i n  shor t e r  

so lut ion times i f  the number of gr id  points on a circumferential l i n e  i s  greater  than twice the 

number on a radial  l i n e .  The central  point  must be sequenced a t  the end in order to  l i m i t  the 

ac t ive  columns to  the number of degrees of freedom a t  the cent ra l  point .  I f  the central  point  i s  

sequenced f i r s t ,  the number of ac t ive  columns wi 11 be proportional to the number of radia l  l i n e s .  

I f  the nuniber of gr id  points on a circumferential l i n e  i s  l e s s  than twice the number of gr id  

points on a radial  l i n e ,  the  consecutive numbering should extend in the circumferential d i r ec t ion .  

This sequencing procedure wi l l  r e s u l t  i n  a semiband proportional to  the number of gr id  points on 

a circumferential  l i n e  and no ac t ive  columns. I f  the central  point  does not e x i s t ,  the sequencing 

problem i s  s imi l a r  t o  t h a t  discussed f o r  rectangular arrays in connection with Figures 3a and 3b. 

Sequencing problems f o r  three-dimensional s t ruc tu res  may be t r ea ted  in  two broad general 

c l a s ses .  The f i r s t  c lass  consis ts  of s t ruc tu ra l  models t h a t  a re  compact, without appendages o r  

connecting subst ructures .  The second c lass  consis ts  of models t h a t  are composed of several  sub- 

s t ruc tu res  interconnected a t  a r e l a t ive ly  small number of locat ions .  Examples of the f i r s t  type 

of model are  s o l i d  s t ruc tu res ,  such as rectangular bars o r  c e l l u l a r  s t ruc tu res  where an external  

shel l  i s  f i l l e d  with bulkheads such as a submarine. For these types of s t ruc tu res  the general 

procedure i s  t o  sequence the  gr id  points in imaginary surfaces perpendicular t o  the l a r g e s t  axis  

of the s t ruc tu re .  The gr id  point numbers are  sequenced within each surface in the most e f f ec t ive  

way, beginning a t  one end of the s t ruc tu re  and proceeding to  the o ther  end. Assuming t h a t  only 

adjacent surfaces are  connected, the semiband will  be proportional to  the l a rges t  number of gr id  

points in a surface .  
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Examples of the  second type of model a re  airframes and radio telescopes.  For these types of 

s t r u c t u r e s ,  the general procedure i s  t o  sequence the individual s i~bs t ruc tu res  i n  the most e f f ec t ive  

way and allow the degrees of freedom associated with the  connecting gr id  points to be t rea ted  as 

ac t ive  columns. The computing time f o r  terms outside t h e  band i s  proportional t o  the t o t a l  length 

of ac t ive  columns, where the  length of an ac t ive  column i s  equal t o  the difference between the row 

number of the  f i r s t  nonzero term i n  the column and the row number of the  extremity of the band. 

In sequencing the connecting gr id  points f o r  two subst ructures ,  the number of ac t ive  columns i s  

minimized by sequencing the  connecting gr id  points a f t e r  both subst ructures .  However, i n  many 

cases ,  t he  connecting gr id  points can be advantageously sequenced between the  two pa r t s  o r  among 

the  points of the  second pa r t .  This procedure tends t o  increase the  number of ac t ive  columns, but 

reduces the length of each one. Sequencing the connecting g r id  points f i r s t  o r  among the points 

of t h e  f i r s t  p a r t  tends t o  maximize both the  number of ac t ive  columns and the  lengths of each one. 

Although s c a l a r  points a re  defined only i n  vector space,  the  pat tern  of t h e i r  connections i s  

used in  a manner s imi la r  to  t h a t  of geometric gr id  points f o r  sequencing s c a l a r  points among them- 

se lves  o r  with geometric gr id  points .  Since s c a l a r  points introduced f o r  dynamic analys is  (ext ra  

po in t s )  a re  defined in  connection with d i r e c t  input matrices,  the sequencing of these points i s  

determined by d i r e c t  reference t o  the  posit ions of the added terms in the dynamic matrices.  

The external  iden t i f i ca t ion  numbers used f o r  gr id  points may be se lec ted  i n  any manner the 

user des i res .  However, i n  order  t o  preserve the  bandwidth of the s t i f f n e s s  matrix,  and hence t o  

substant ia l  l y  reduce computing times when using the displacement method, the  in ternal  sequencing 

of the  gr id  points must not be a r b i t r a r y ,  In order t o  allow a r b i t r a r y  external gr id  point  numbers 

and s t i  11 preserve spa r s i ty  i n  the  t r i angu la r  decomposition f ac to r s  t o  the g rea te s t  ex ten t  possi- 

b l e ,  provision i s  made f o r  the  user t o  resequence the  gr id  point  numbers f o r  in ternal  operations.  

This fea ture  a l so  makes i t  possible to  e a s i l y  change the sequence i f  a poor i n i t i a l  choice i s  made. 

All output associated with g r i d  points i s  i den t i f i ed  with the external  gr id  point  numbers. The 

SEQGP card i s  used t o  resequence geometric gr id  points and s c a l a r  points.  The SEQEP card i s  used 

t o  sequence the ex t ra  points in  with the  previously sequenced geometric grid points and s c a l a r  

points .  
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Some o f  the chdrac te r i s t i c s  of the s t ruc tu ra l  model are introduced as properties of gr id  

points ,  r a the r  than as properties of s t ruc tu ra l  elements. Any of the various fornis of d i r e c t  

matrix input are  considered as describing the  s t ruc tu ra l  model in  terms of properties of g r id  

points.  

Thermal f i e l d s  are defined by specifying the temperatures a t  gr id  points .  The TEMP card i s  

used to  specify the  temperature a t  g r id  points f o r  use i n  connection with thermal loading and tem- 

perature dependent materi a1 properties . The TEMPD card is  used to  specify a de fau l t  temperature, 

in order to  avoid a large  number of dupl ica te  e n t r i e s  on a TEMP card when the temperature i s  

uniform over a large  portion of the  s t ruc tu re .  The TEMPAX card i s  used f o r  conical she l l  problems. 

Mass properties may be input as properties of g r id  points by using the concentrated mass 

element (see Section 5.5 of the  Theoretical Manual ) .  The CgNM1 card i s  used t o  define a 6x6 

matrix of mass coe f f i c i en t s  a t  a geometric g r id  point  i n  any se lec ted  coordinate system. The 

CgNM2 card i s  used t o  define a concentrated mass a t  a geontetric gr id  point  in terms of i t s  mass, 

the three coordinates of i t s  center  of g rav i ty ,  the  three  moments of i n e r t i a  about i t s  center  of 

gravi ty ,  and i t s  three  products of i n e r t i a ,  refer red  to  any se lec ted  coordinate system. 

In dynamic ana lys i s ,  mass, damping, and s t i f f n e s s  properties may be provided, in  pa r t  o r  

e n t i r e l y ,  as properties of gr id  points through the  use of d i r e c t  input matrices.  The DMIG card i s  

med t o  define d i r e c t  input matrices f o r  use in dynamic analys is .  These matrices may be associated 

with components of geometric gr id  points ,  s c a l a r  points ,  o r  ext ra  points introduced f o r  dynamic 

dnalysis.  The T F  card i s  used t o  define t r ans fe r  functions t h a t  are  in t e rna l ly  converted to  

di i-ect niatrix input.  
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Figure 2. Grid point sequencing for one-dimensional systems 
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1 . 3  STRUCTURAL ELEMENTS 

1.3.1 Element Definit ion 

St ructura l  elements are  defined on connection cards tha t  ident i fy  the gr id  points t o  vktir::; 

the element i s  connected. The mnemonics f o r  a l l  such cards have a pref ix  of the l e t t e r  " C " ,  

followed by an indicat ion of the  type of element, such as CBAR and CROD. The order of the gr id  

point  iden t i f i ca t ion  defines the  posi t ive  d i rec t ion of the  axis of a one-dimensional element and 

the posi t ive  surface of a p l a t e  element. The connection cards include addit ional  or ienta t ion 

information when required.  Except f o r  the simplest  elements, each connection card references a 

property de f in i t ion  card. I f  many elements have the same proper t ies ,  t h i s  system of referencing 

eliminates a large number of duplicate e n t r i e s .  

The property de f in i t ion  cards define geometric properties such as thicknesses , cross-secti  on- 

a1 a reas ,  and moments of i n e r t i a .  The mnemonics f o r  a l l  such cards have a pref ix  of the l e t t e r  

"P", followed by some, or  a l l  of the characters used on the  associated connection card,  such as 

PBAR and PROD. Other included items a re  the nonstructural mass and the location of points where 

s t r e s s e s  wi l l  be ca lcula ted .  Except f o r  the  simplest  elements, each property def in i t ion  card will  

reference a material  property card.  

In some cases ,  the  same f i n i t e  element can be defined by using d i f f e r e n t  bulk data cards. 

These a l t e rna te  cards have been provided f o r  user convenience. In the  case of a rod element, i;he 

normal de f in i t ion  i s  accomplished with a connection card (CROD) which references a property card 

(PRBD). However, an a l t e rna te  def in i t ion  uses a CBNRBD card which combines connection and pro- 

perty inforination on a s ing le  card. This i s  more convenient i f  a l a rge  number of rod elements a11 

have di f f e r e n t  properti  es . 
In the case of p l a t e  elements, a d i f f e r e n t  property card i s  provided f o r  each type of e l e -  

ment, such as membrane o r  sandwich p la t e s .  Thus, each property card contains only the informatioi? 

required f o r  a s ing le  type of p l a t e  element, and in  most cases ,  a s ing le  card has s u f f i c i e n t  spacc 

f o r  a l l  of the  property information. In order t o  maintain uniformity i n  the  re la t ionship  between 

connection cards and property cards,  a number of connection card types contain the  same informa- 

t i o n ,  such as the connection cards f o r  the various types of t r i angu la r  elements. Also. the oro- 

perty cards f o r  t r i angu la r  and quadr i la tera l  elements of the same type contain the same infonna-- 

t i on .  
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The material property de f in i t ion  cards a re  used t o  define the properties f o r  each of the 

materials  used in the  s t ruc tu ra l  model. The MAT1 card i s  used t o  define the proper t ies  f o r  

i so t rop ic  mater ia ls .  The MATS1 card spec i f i e s  table  references f o r  i so t rop ic  material proper t ies  

tha t  are  s t r e s s  dependent. The TABLES1 card defines a t abu la r  s t r e s s - s t r a i n  function f o r  use in  

Piecewise Linear Analysis. The MATT1 card spec i f i e s  t ab le  references f o r  i so t rop ic  material 

proper t ies  t h a t  are temperature dependent. The TABLEMI, TABLEM2, TABLEM3, and TABLEM4 cards 

define four d i f f e ren t  types of tabular  functions f o r  use in  generating temperature dependent 

materi a1 properties . 
The MAT2 card i s  used t o  define the  properties f o r  anisot ropic  mater ia ls .  The MATT2 card 

spec i f i e s  table  references f o r  anisot ropic  material properties t h a t  are  temperature dependent. 

This card may reference any of the  TABLEMI, TABLEM2, TABLEM3, or  TABLEM4 cards.  

The MAT3 card i s  used to  define the  properties f o r  or thot ropic  materials  used in the modeling 

of axisymmetric s h e l l s .  This card may only be referenced by CTRIARG, CTRAPRG and PTgRDRG cards. 

The MATT3 card spec i f i e s  table  references f o r  use in  generating temperature dependent properties 

f o r  t h i s  type of material .  

The G E N E L  card i s  used t o  define general elements whose proper t ies  a re  defined i n  terms of 

def lec t ion influence coe f f i c i en t s  and which can be connected between any number of g r id  points.  

One of the  important uses of the  general element i s  the representation of pa r t  of a s t ruc tu re  by 

means of experimentally measured data .  No output data i s  prepared f o r  the  general element. 

Detail information on the general element i s  given in  Section 5.7 of the  Theoretical  Manual. 

1.3.2 Bar Element 

The bar element i s  defined with a CBAR card and i t s  properties (constant  over the length) 

are defined with a PBAR card. The bar element includes extension,  to r s ion ,  bending in  two perpen- 

d icu la r  planes and the  associated shears.  The shear center  i s  assumed to  coincide with the e l a s t i c  

axis .  Any f ive  of the s i x  forces  a t  e i t h e r  end of the element may be s e t  equal t o  zero by using 

the pin f lags  on the CBAR card. The in tegers  1 to 6 represent the  axial  fo rce ,  shearing force i n  

Plane 1 ,  shearing force  in  Plane 2 ,  axia l  torque,  moment in  Plane 2 and moment in  Plane 1 

respect ively .  The s t ruc tu ra l  and nonstructural mass of the bar are  lumped a t  the ends of the 

element, unless coupled mass i s  requested with the PARAM card C@UPMASS (see Section 3 .5 .1) .  

Theoretical aspects of the bar element a re  t rea ted  i n  Section 5.2 of the Theoretical Manual. 
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The element coordinate system i s  shown i n  Figure l a .  End a i s  o f f s e t  from gr id  point a an 

amount measured by vector wa and end b i s  o f f s e t  from g r i d  point  b an amount measured by vector 
j. j. + 
wb.  The vectors wa and wb a re  measured in the  global coordinates of the connected gr id  point .  

The x-axis of the  element coordinate system i s  defined by a l i n e  connecting end a t o  end b of the  

bar element. The or ienta t ion of the bar element i s  described in  terms of two reference planes. 
-f 

The reference planes are  defined with the  a id  of vector v .  This vector may be defined d i r e c t l y  

with three  components in  the  global system a t  end a of the bar o r  by a l i n e  drawn from end a t o  

a t h i r d  referenced gr id  point .  The f i r s t  reference plane (Plane 1 )  i s  defined by the  x-axis and 
+ j. j. 

the vector v .  The second reference plane (Plane 2) i s  defined by the vector cross product (x  x v) 

and the x-axis. The subscr ip ts  1 and 2 r e f e r  t o  forces and geometric properties associated with 

bending i n  planes 1 and 2 respectively.  The reference planes are not necessari ly principal  

planes. The coincidence of the  reference planes and the principal  planes i s  indicated by a zero 

product of i n e r t i a  ( I l 2 )  on the  PBAR card.  I f  shearing deformations are included, the  reference 

axes and the principal  axes must coincide,  When pin f l ags  and o f f s e t s  a r e  used, the  e f f e c t  of 

the  pin i s  t o  f r e e  the  force  a t  the  end of the  element x-axis of the  beam, not a t  t h e  gr id  point .  

The pos i t ive  d i r ec t ions  f o r  element forces  a r e  shown in  Figure l b .  The following element fo rces ,  

e i t h e r  rea l  o r  complex (depending on the  r i g i d  format) ,  a r e  output on request:  

1 .  Bending moments a t  both ends i n  the  two reference planes. 

2 .  Shears in  the two reference planes. 

3. Average axial  force.  

4.  Torque about the  bar axis .  

The following real  element s t r e s s e s  are output on request: 

1 . Average axi a1 s t r e s s .  

2 .  Extensional s t r e s s  due t o  bending a t  four points on the cross-section a t  both ends. 

3. Maximum and minimum extensional s t r e s s e s  a t  both ends. 

4. Margins of sa fe ty  in tension and compression fo r  the whole element. 

Tensile s t r e s s e s  a re  given a pos i t ive  sign and compressive s t r e s s e s  a negative s ign.  Only the  

average axial  s t r e s s  and the extensional s t r e s s e s  due to  bending are avai lable  as complex s t r e s s e s .  

The s t r e s s  recovery coeff ic ients  on the  PBAR card are used t o  locate points on the cross-section 

f o r  s t r e s s  recovery. The subscr ip t  1 i s  associated with the  distance of a s t r e s s  recovery point  

from plane 2 .  The subscr ip t  2 i s  associated with the distance from plane 1 .  
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The use of the  BARPR card avoids unnecessary repet i t ion  of input when a l a rge  number of bar 

c?l en:ents e i  tfier have the  same property i denti f i  ca t ;  on number o r  have the?  u. reference axes oriented 

i n  the  same manner, This card i s  used t o  define de fau l t  values on the  CBAR card f o r  the  property 

iden t i f i ca t ion  number and the or ienta t ion vector f o r  the reference axes. The de fau l t  values are  

used only when the corresponding f i e l d s  on the CBAR card a re  blank. 

1 , 3 . 3  Rod Element ----- 

The rod element i s  defined with a C R P D  card and i t s  properties with a PR0D card. The rod 

element includes extensional and torsional proper t ies .  The CPNRgD card i s  an a l t e r n a t e  form t h a t  

includes both the  connection and property information on a s ingle  card.  The tube element i s  a 

specia l ized form tha t  i s  assumed t o  have a c i r cu la r  cross-section.  The tube element i s  defined 

with a CTUBE card and i t s  properties with a PTUBE card. The s t ruc tu ra l  and nonstructural mass of 

the rod are lumped a t  the  adjacent gr id  points unless coupled mass i s  requested with the PARAM 

card CYjUPHASS (see  Section 3.5.1). Theoretical aspects o f  the rod element a re  t r ea t ed  in Section 

5 .2  of the  Tlieoreti cal Manual . 
The x-axis,  of the element coordinate system, i s  defined by a l i n e  connecting end a to  end b 

as shoivn in Figure 2 .  The axial  force and torque are  output on request  in e i t h e r  the real  o r  com- 

plex f o m .  The posi t ive  d i rec t ions  f o r  these  forces are  indicated i n  Figure 2 .  The following 

real element s t r e s s e s  a re  output on request:  

1 .  Axial s t r e s s  

2 .  Torsional s t r e s s  

3. Margin of safe ty  f o r  axia l  s t r e s s  

4 ,  Margin of safe ty  f o r  torsional s t r e s s .  

Posit ive d i rec t ions  are  the  same as those indicated in  Figure 2 f o r  element forces .  Only the 

axial s t r e s s  and the torsional s t r e s s  are avai lable  as complex s t r e s s e s .  

Another kind of rod element i s  the  viscous damper, t h a t  has extensional and torsional viscous 

damping properties r a the r  than s t i f f n e s s  pr-operties. The viscous damper element i s  defined with a 

I 1 V I S C  card and i t s  properties with a PVISC card.  This element i s  used in  the d i r e c t  formulat.ion 

of dynamic matrices . 
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1.3 .4  Shear Panels and Twist Panels 

The shear panel i s  defined with a CSHEAR card arid i t s  properties with a PSHEAR card. A shear 

panel i s  a two-dimensional s t ruc tu ra l  element t h a t  r e s i s t s  the  action of tangential  forces applied 

to  i t s  edges, but does not r e s i s t  the  action of nornial forces .  The s t ruc tu ra l  and nonstructural  

mass of the shear panel are lumped a t  the  connected gr id  points.  Details  of the shear panel 

element are  discussed i n  Section 5.3 of the  Theoretical Manual. 

The element coordinate system f o r  a shear panel i s  shown in Figure 3. The in tegers  1 ,  2 ,  3 

and 4 r e fe r  to the  order  of the connected gr id  points on the CSHEAR card. The corner loads in  the  

d i rec t ions  of the diagonals are output on request  i n  e i t h e r  the real o r  complex form. The posi t ive  

d i rec t ions  f o r  these forces are indicated in Figure 3. The shear s t r e s s e s  dre calculated a t  the 

corners in skewed coordinates pa ra l l e l  t o  the  ex te r io r  edges. The average of the four  corner 

s t r e s s e s  and the maximum s t r e s s  are  output on request in e i t h e r  the real  o r  complex form. A margin 

of safe ty  i s  a l so  output when the  s t r e s s e s  a re  r e a l .  

The twi s t  panel performs the  same function f o r  bending action t h a t  the shear panel performs 

f o r  membrane ac t ion.  The twi s t  panel i s  defined with a CTWIST card and i t s  properties with a 

PTWIST card. In ca lcula t ing the  s t i f f n e s s  matrix,  a tw i s t  panel i s  assumed t o  be s o l i d .  For 

buil t-up panels, the  thickness in the  PTWIST card must be adjusted to  give the co r rec t  moment of 

i n e r t i a  of the  cross-section.  I f  mass ca lcula t ions  are being made, the density wi 11 a l so  have t o  

be adjusted on a MAT1 card.  The element coordinate system and di rec t ions  f o r  pos i t ive  forces  are 

shown in Figure 4. S t ress  recovery i s  s imi l a r  to  tha t  f o r  shear panels 

1 .3 .5  Plate Elements 

NASTRAN includes two d i f f e ren t  shapes of p l a t e  elements ( t r i angu la r  and quadr i l a t e ra l )  and 

two d i f f e r e n t  s t r e s s  systems (membrane and bending) which are uncoupled. There are  i n  a l l  a  

t o t a l  of nine d i f f e r e n t  forins of p la te  elements t h a t  are defined by connection cards as follows: 

1 .  CTRMEM - t r i angu la r  element with f i n i t e  inplane s t i f f n e s s  and zero bending s t i f f n e s s .  

2. CTRBSC - basic unit  from which the  bending properties of the other p l a t e  elements are 
formed. 

3. CTRPLT - t r iangular  element with zero inplane s t i f f n e s s  and f i n i t e  bending s t i f f n e s s .  

4. CTRIAl - t r iangular  element with both inplane and bending s t i f f n e s s .  I t  i s  designed 
fo r  sandwich plates which can have d i f f e ren t  materi a1 s referenced fo r  membrane, bending 
and transverse shear proper t ies .  
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5. CTRIA2 - t r i angu la r  element with both inplane and bending s t i f f n e s s  t h a t  assumes a 
sol i  d homogeneous cross-secti  on. 

6 .  CQDMEM - quadr i la tera l  element with f i n i t e  inplane s t i f f n e s s  and zero bending s t i f f n e s s .  

7. CQDPLT - quadr i la tera l  element with zero inplane s t i f f n e s s  and f i n i t e  bending s t i f f n e s s .  

8 ,  CQUADl - quadr i la tera l  element with both inplane and bending s t i f f n e s s .  I t  i s  designed 
f o r  sandwi ch pla tes  whi ch can have d i f f e r e n t  materials  referenced f o r  membrane, bending 
and transverse shear  proper t ies .  

9. CQUAD2 - quadr i la tera l  element with both inplane and bending s t i f f n e s s  t h a t  assumes a 
s o l i d  homogeneous cross-section.  

Theoretical aspects of the  p la t e  elements are  t r ea t ed  in  Section 5 .8  of the  Theoretical Manual. 

The properties f o r  the  above elements are defined on the PTRMEM, PTRBSC, PTRPLT, PTRIA1, 

PTRIA2 , PQDMEM, PQDPLT , PQUADl and PQUAD2 cards respecti  vely . Ani sotropi c materi a1 may be speci - 

f i ed  f o r  a l l  p la te  elements. Transverse shear f l e x i b i l i t y  may be included f o r  a l l  bending elements 

on an optional bas i s ,  except f o r  homogeneous p la t e s  (CTRIAP and CQUADZ), where t h i s  e f f e c t  i s  

automatically included. St ructura l  mass i s  calculated only f o r  elements t h a t  specify a membrane 

thickness and i s  based only on the membrane thickness.  Nonstructural mass can be speci f ied  f o r  

a l l  p l a t e  elements except the  basic bending t r i ang le .  Only lumped mass procedures are  used f o r  

membrane elements. Coupled mass procedures may be requested f o r  elements tha t  include bending 

s t i f f n e s s  with the  PARAM card C@UPMASS (see  Section 3.5.1).  

The element coordinate systems f o r  t r i angu la r  and quadr i la tera l  p l a t e  elements are shown in 

Figure 5 .  The in tegers  1 ,  2, 3 and 4 r e f e r  t o  the order of the  connected gr id  points on the con- 

nection cards defining the elements. The angle e i s  the or ienta t ion angle f o r  anisot ropic  

materi a1 s . 
Average values of element forces are  calculated f o r  a l l  p l a t e  elements having a f i n i t e  bend- 

ing s t i f f n e s s .  The posi t ive  d i rec t ions  f o r  p l a t e  element forces in the element coordinate system 

a re  shown in Figure 6a. The following element forces  per un i t  of length ,  e i t h e r  real  o r  complex, 

a re  output on request: 

1. Bending moments on the  x and y faces .  

2. Twisting moment 

3. Shear forces on the x and y faces 

No membrane forces a re  output. 

Average values of the membrane s t r e s s e s  are calculated fo r  the t r iangular  and quadr i la tera l  

membrane elements. The posi t ive  d i rec t ions  f o r  the membrane s t r e s s e s  in the element coordinate 
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system are  shown in  Figure 6b. The following real  membrane s t r e s ses  are output on request:  

1. Normal s t r e s s e s  in the  x and y d i rec t ions  

2 .  Shear s t r e s s  on the x face in the  y d i rec t ion 

3. Angle between the x-axis and the  major principal  axis  

4. Major and minor principal  s t r e s ses  

5. Maximum shear s t r e s s  

Only the normal s t r e s s e s  and shearing s t r e s s  are  avai lable  in the complex form. 

I f  the  p la t e  element has bending s t i f f n e s s  the average s t r e s ses  are  calculated on the two 

faces of the  p la t e  f o r  homogeneous p la tes  and a t  two speci f ied  points on the  cross-section f o r  

o ther  p l a t e  elements. The distances t o  the  speci f ied  points a re  given on the property cards.  The 

posi t ive  d i rec t ions  f o r  these f i b e r  distances are  defined according t o  the  right-hand sequence of 

the g r id  points speci f ied  on the  connection card. These distances must be nonzero in  order t o  

obtain nonzero s t r e s s  output. The same s t r e s s e s  are  calculated f o r  each of the faces  as are  ca l -  

culated f o r  membrane elements. 

The quadr i la tera l  p l a t e  elements a re  intended f o r  use when the  surfaces are reasonably f l a t  

and the  geometry i s  nearly rectangular.  For these conditions the quadr i la tera l  elements el iminate 

the modeling bias  associated with the use of t r i angu la r  elements, and quadr i l a t e ra l s  give more 

accurate r e s u l t s  f o r  the  same mesh s i ze .  I f  the surfaces are highly warped, curved o r  swept, 

t r i angu la r  elements should be used. Under extreme conditions quadr i la tera l  elements wi 11 give 

r e s u l t s  t h a t  are  considerably l e s s  accurate than t r i angu la r  elements f o r  the same mesh s i ze .  

Quadrilateral  elements should be kept as nearly square as pract icable ,  as the accuracy tends t o  

de te r io ra t e  as the  aspect  r a t i o  of the  quadr i la tera l  increases .  Triangular elements should be 

kept a s  nearly equ i l a t e ra l  as pract icable ,  as the  accuracy tends t o  de te r io ra t e  as the t r i ang les  

become obtuse and as the  r a t i o  of the  longest  t o  the  s h o r t e s t  s ide  increases.  

1.3.6 Conical Shell Element 

The properties of the  conical shel l  element a re  assumed t o  be symmetrical w i t h  respect  t o  

the axis  of the s h e l l .  However, the loads and def lec t ions  need not be axisymmetric, a s  they a re  

expanded in  Fourier s e r i e s  w i t h  respect  to the azimuthal coordinate.  Due t o  symmetry, the 

resul t ing  load and defonnation systems f o r  d i f f e r e n t  harmonic orders are independent, a f a c t  t h a t  

r e s u l t s  in  a large  time saving when the use of the conical shel l  element i s  compared w i t h  an 
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equivalent model constructed from p la t e  elements. Theoretical aspects of the  conical shel l  

element are  t r ea t ed  i n  Section 5 .9  of the  Theoretical Manual. 

A t  present the conical shel l  element cannot be combined with o ther  types of elements. The 

existence of a conical she l l  problem i s  defined by the AXIC card. This card a l so  indicates  the 

number of harmonics desired in the  problem formulation. Only a l imited number of bulk data cards 

are  allowed when using conical shel l  elements. The l i s t  of allowable cards i s  given on the 

AXIC card description in  Section 2.4.2. 

The geometry of a problem using the  conical she l l  element i s  described with RINGAX cards 

instead of GRID cards. The RINGAX cards describe concentric c i r c l e s  about the  basic z-axis,  with 

t h e i r  locat ions  given by r ad i i  and z-coordinates as shown i n  Figure 7 .  The degrees o f  freedom 

defined by each RINGAX card a re  the  f o u r i e r  coe f f i c i en t s  of the  motion with respect  t o  angular 

pos i t ion  around the  c i r c l e .  For example the  radia l  motion, ur, a t  any angle ,  4 ,  i s  described 

by the  equation: 

n n* 
U r  (4 )  = 1 ur C O S ~  + 1 u r  s i n  n 4 ,  

n=O n=O 

n n* where u r  and ur a r e  the  f o u r i e r  coe f f i c i en t s  of radial  motion f o r  the  n-harmonic. For ca lcula-  

t ion  purposes the s e r i e s  is  l imited t o  N harmonics as defined by the  AXIC card. The f i r s t  sum i n  

the  above equation describes symmetric motion with respect  t o  the  $I = 0 plane. The second sum 

with the  "s tar red"  (*) superscr ip ts  describes the  antisymmetric motion. Thus each RINGAX data 

card wi l l  produce s i x  times N degrees of freedom f o r  each s e r i e s .  

The se l ec t ion  of symnetric o r  antisymmetric solut ions  i s  control led  by the  AXISYM card i n  

the Case Control Deck. For general loading condit ions,  a combination of the  symmetric and an t i -  

symmetric solut ions  must be made, using the  SYMCDM card in the Case Control Deck (Section 2.3 of 

the  User's Manual). 

Since t h e  user i s  r a re ly  in t e res t ed  i n  applying h i s  loads in  terms of fou r i e r  harmonics and 

in t e rp re t ing  h i s  data by manually performing the  above summations, NASTRAN i s  provided with 

special  data cards which automatically perform these operations.  The PDINTAX card i s  used l i k e  a 

GRID card to  define physical points on the  s t ruc tu re  f o r  loading and output.  Sections of the  

c i r c l e  may be defined by a SECTAX card which defines a sec to r  with two angles and a referenced 

RINGAX card.  The P@INTAX and SECTAX cards define s i x  degrees o f  freedom each. The basic coordi- 
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nate system f o r  these p ~ i n t s  i s  a cyl indr ica l  systerr~ ( r ,  6 ,  z) and t h e i r  applied loads m u s t b e  

described in  t h i s  coordinate system. Since the  displacements of these points a re  dependent on 

the harmonic motions, they may not be constrained in  any matrner. 

The conical she l l  element i s  connected t o  two RINGAX points with a CCBNEAX card.  The proper- 

t i e s  of the  conical she l l  element a re  described on the PCONEAX card. The RINGAX points must be 

placed on the neutral  surface of the  element and the  points f o r  s t r e s s  ca lcula t ion must be given 

on the  PCgNEAX card r e l a t i v e  t o  the  neutral surface .  Up t o  fourteen angular pos i t ions  around the  

elenient may be speci f ied  f o r  s t r e s s  and force  output. These values wi l l  be ca lcula ted  midway 

between the two connected rings.  

The s t ruc tu re  defined with RINGAX and CCgNEAX cards must be constrained i t t  a specia l  manner. 

All harmonics may be constrained f o r  a p a r t i c u l a r  degree of freedom on a r ing  by using permanent 

s ingle-point  cons t r a in t s  on the  RINGAX cards.  Specified harmonics of each degree of freedom on a 

ring may be constrained with a SPCAX card. This card i s  t he  same as the  SPC card except t h a t  a 

harmonic must be speci f ied .  The MPCAX, BMITAX, and SUPAX data cards correspond t o  the  MPC, BMIT, 

and SUPBRT data except tha t  harmonics must be speci f ied .  SPCADD and MPCADD cards may be used t o  

combine const ra in t  s e t s  in  the  usual manner. 

The conical she1 1 s t ruc tu re  may be loaded i n  various ways. Concentrated forces may be 

described by FORCE and MBMENT cards applied t o  PBINTAX points.  Pressure loads may be input  i n  the  

PRESAX data card which defines an area bounded by two r ings  and two angles. Temperature f i e l d s  

a re  described by a paired 1 i s t  of angles and temperatures around a r ing  as required by the  TEMPAX 

card.  Direct loads on the  harmonics of a RINGAX point  a r e  given by the FORCEAX and MBMAX card.  

Since the  basic coordinate system i s  cyl indr ica l  the  loads a r e  given in  the r ,  0, and z d i rec t ions .  

The value of a harmonic load Fn i s  the t o t a l  load on the  whole r ing of radius r.  If a sinusoidal  

load per uni t  length of maximum value an i s  given,  the  value on the  FPlRCEAX card must be: 

Displacements of rings and forces in  conical she l l  elements can be requested in  two ways 

1 .  The harmonic coe f f i c i en t s  of displacements on a r ing o r  forces in  a conical element. 

2 .  The displacements a t  speci f ied  points or  the average value over a speci f ied  sec to r  of 
a r i n g .  The forces in  the element a t  speci f ied  azimuths or  average values over 
speci f ied  sectors  of a conical element. 
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Harmonic output i s  requested by ring number f o r  displacements and conical shel l  element number f o r  

element forces .  The number of harmonics t h a t  wi l l  be output f o r  any request  i s  a constant f o r  any 

s ingle  execution. This number i s  controlled by the  HARMgNICS card in  the Case Control Deck ( see  

Section 2 .3) .  

The following element forces per un i t  of width are  output e i t h e r  as harmonic coeff ic ients  

o r  a t  speci f ied  locations on request:  

1. Bending moments on the  u and v faces 

2. Twistingmoments 

3. Shearing forces on the u and v faces 

The following element s t r e s s e s  a re  ca lcula ted  a t  two speci f ied  points on t h e  cross-section of the  

element and output e i t h e r  as harmonic coe f f i c i en t s  o r  a t  speci f ied  locat ions  on request:  

1 .  Normal s t r e s ses  in  u and v d i r ec t ions  

2 .  Shearing s t r e s s  on the  u face i n  the  v d i rec t ion 

3. Angle between the u-axis and the  major principal  axis  

4. Major and minor principal  s t r e s s e s  

5. Maximum shear s t r e s s  

1.3.7 Axisymmetric Shell Elements 

Two types of elements a re  provided t h a t  have an axisymmetric geometric configuration and 

t h a t  a r e  r e s t r i c t e d  t o  axisymmetric applied loading. The f i r s t  type i s  the r ing element, which 

may have a t r i angu la r  o r  trapezoidal  cross-section and in  the  l imi t ing case becomes a so l id  

core element (see Section 5.11 of the  Theoretical Manual). These elements are  used f o r  the model- 

ing of axisymmetric thick walled s t ruc tu res  of a rb i t r a ry  p r o f i l e .  The second type i s  the toroidal  

r ing element, which i n  the  l imi t ing case becomes a cap element (see Section 5.10 of the Theoreti- 

cal Manual ) .  The two types of axisymmetric ring elements cannot be used together nor can e i t h e r  

of the elements be used with any other  elements. Otherwise, these elements a re  used in  a conven- 

t ional  manner, and except f o r  t h e i r  own connection and property cards ,  do not  have special  bulk 

data cards.  

The coordinate system f o r  the  t r i angu la r  r ing element i s  shown on Figure 8. The cyl indr ica l  

system i s  implied by the use of the t r i angu la r  r ing  element. Hence, no e x p l i c i t  de f in i t ion  of 

the basic cyl indr ica l  coordinate system i s  required. Cylindrical anisotropy i s  optional f o r  the 
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material properties in  the  ring element. Orientation of the or thot ropic  axes in the ( r , z )  plane 

i s  speci f ied  by the angle 8. Deformation b e h ~ i o r  of the element i s  described in terms of t rans-  

l a t ions  in the  r and z d i rec t ions  a t  each of the 3 connected gr id  points.  All o ther  degrees of 

freedom should be constrained.  

The t r i angu la r  r ing  element i s  defined with a CTRIARG card.  No property card i s  used f o r  

t h i s  element. The material property reference i s  given on the connection card.  The in t ege r s  

1 ,  2 and 3 on Figure 8 r e f e r  t o  the order of the connected gr id  points on the CTRIARG card.  This 

order must be counter-clockwise around the element. The gr id  points must l i e  in the r-z plane 

of the basic cyl indr ica l  coordinate system, and they must l i e  t o  the r i g h t  of the axis  of symmetry. 

The radial  and axial  forces a t  each connected g r id .po in t  a re  output on reques t .  The pos i t ive  

d i rec t ions  f o r  these  forces a re  shown in Figure 8. These a re  apparent elenient forces and they 

include any equivalent thermal loads.  The s t r e s s e s  a t  the centroid of an element a re  output on 

request .  The avai lable  quan t i t i e s  are  the normal s t r e s s e s  i n  the  radi a1 , circumferential  and 

axial  d i r ec t ions ,  and the  shear s t r e s s  on the radia l  face i n  the  axial  d i rec t ion.  Posi t ive  

s t r e s s e s  a re  i n  the  pos i t ive  d i rec t ion on the posi t ive  face .  

The coordinate system f o r  the trapezoidal r ing element i s  shown in Figure 9 .  This element 

i s  s imi l a r  t o  the t r i angu la r  r ing element. This element has the addit ional  r e s t r i c t i o n  t h a t  

the element numbering must begin a t  the  lower l e f t  hand corner of the element. Also, the pa ra l l e l  

faces of the trapezoid must be perpendicular t o  the axis  of symmetry. This elenient can be used 

in the l imi t ing case where the  r  coordinates associated with g r id  points 1 and 4 a re  zero. In 

t h i s  special  case the  element i s  refer red  to  as a core element. 

The trapezoidal  r ing element i s  defined with a CTRAPRG card in  a manner s imi lar  to  t h a t  f o r  

a t r i angu la r  element. The forces a t  the four connected gr id  points are provided on request  in 

a manner s imi la r  t o  t h a t  f o r  a t r i angu la r  element. In addit ion t o  providing the s t r e s s e s  a t  the 

centroid of the  t rapezoid ,  s imi l a r  s t r e s ses  are provided a t  the  four connected gr id  points .  

The coordinate system f o r  the toroidal  r ing i s  shown i n  Figure 10. This spherical  coordinate 

system i s  implied by the  use of the toroidal  element, and hence, no e x p l i c i t  de f in i t ion  i s  re- 

qui red. The toroi  dal elenient may use ori;holr i p i  c mater ia ls .  The axes of orthotropy a r e  assumed 

t o  coincide with the  element coordinate axes. 

Deformation behdvior o-F the toroidal  element i s  d ~ s c r i b e d  by f lve  degrcc~? o f  r c  doir For each 
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of the two grid rings which .it connects. The degrees of freedom in the implicit coordinate 

system are: 

- 
1.  u - radial displacement 

2. Not defined for  toroidal element (must be constrained) 
- 

3. w - axial disolacement 

slope in  (-direction 4 .  w '  = - a 6 

5. u 1  = - s t ra in  in <-direction aE 
a 2 w  6. w" = 1. curvature in z(-plane a E 

The displacements u and w are in  the basic coordinate system, and hence can be expressed in other 

local coordinate systems i f  desired. However, the quantities u', w' and w" are always in the 

element coordinate system. 

The toroidal ring element i s  defined with a CTgRDRG card and i t s  properties with a PTgRDRG 

card. The integers 1 and 2 on Figure 10 refer  to  the order of the connected grid points on the 

CTgRDRG card. The grid points must l i e  in the r-2 plane of the basic coordinate system and they 

must l i e  t o  the r ight  of the axis of symmetry. The angles a, and w2 in Figure 10 are the angles 

of curvature and are defined as the angle measured in degrees from the axis of symmetry to a 

l ine which i s  perpendicular to  the tangent to  the surface a t  grid points 1 and 2 respectively. 

For conic rings a, = a2 and for  cylindrical rings al = a2 = 90 degrees. Toroidal elements may be 

connected t o  form closed figures in the r-z plane, but slope discontinuities are not permitted a t  

connection points. 

The following forces, evaluated a t  each end of the toroidal element, are output on request: 

1. Radial force 

2. Axial force 

3. Meri dional moment 

4. A generalized force which corresponds to  the w' ciegree of freedom. 

5. A generalized force which corresponds to the w" degree of freedom. 

The f i r s t  three forces are referenced to the global coordinate system and the two generalized 

forces are referenced to the element coordinate system. For a definition of the generalized 

forces see Section 5. I0 o f  the Theoretical Manual. 
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The following s t r e s s e s ,  evaluated a t  both ends and the midspan of each element, a re  output on 

request: 

1 .  Tangential membrane s t r e s s  (Force per un i t  length) 

2. Circumferential membrane s t r e s s  (Force per un i t  length)  

3. Tangential bending s t r e s s  (Moment per un i t  length) 

4.  Ci rcumferenti a1 bending s t r e s s  (Moment per uni t length)  

5. Shearing s t r e s s  (Force per uni t  length) 

The posi t ive  d i rec t ions  f o r  these s t r e s s e s  are  indicated in Figure 11. 

1.3.8 Scalar  Elements 

Scalar elements a re  connected between pai rs  of degrees of freedom ( a t  e i t h e r  s c a l a r  o r  

geometric gr id  points)  o r  between one degree of freedom and ground. Scalar elements a re  ava i l -  

able as spr ings ,  masses and viscous dampers. Scalar  spring elements are useful f o r  representing 

e l a s t i c  properties tha t  cannot be conveniently modeled with the  usual metric s t ruc tu ra l  elements. 

Scalar masses a re  useful f o r  the se l ec t ive  representation of i n e r t i a  proper t ies ,  such as occurs 

when a concentrated mass i s  e f f ec t ive ly  i so la t ed  f o r  motion i n  one di rec t ion only. The s c a l a r  

damper i s  used t o  provide viscous damping between two se lec ted  degrees of freedom o r  between one 

degree of freedom and ground. I t  i s  poss ib le ,  using only s c a l a r  elements and cons t r a in t s ,  t o  con- 

s t r u c t  a model f o r  the  l i n e a r  behavior of any s t ruc tu re .  However i t  i s  expected t h a t  these e le-  

ments will  be used only when the usual metric elements a re  not sa t i s f ac to ry .  Scalar  elements are  

useful fo r  modeling p a r t  of a s t ruc tu re  with i t s  v ibra t ion modes o r  when t ry ing  t o  consider 

e l e c t r i c a l  o r  heat  t r a n s f e r  properties as pa r t  of an overa l l  s t ruc tu ra l  analys is .  The reader  i s  

refer red  t o  Sections 5.5 and 5 . 6  of the Theoretical Manual f o r  fu r the r  discussions on the  use of 

scal a r  elements. 

The most general de f in i t ion  of a s c a l a r  spring i s  given with a CELASl card. The associated 

properties are  given on the PELAS card. The proper t ies  include the magnitude of the e l a s t i c  

spr ing,  a damping c o e f f i c i e n t ,  and a s t r e s s  coe f f i c i en t  to  be used in s t r e s s  recovery. The CELAS2 

defines a s c a l a r  spring without reference t o  a property card.  The CELAS3 card defines a s c a l a r  

spring t h a t  i s  connected only to  sca la r  points and the  proper t ies  are  given on a PELAS card .  The 

CELAS4 card defines a s c a l a r  spring tha t  i s  connected only t o  s c a l a r  points and without reference 
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to a property card. No damping coefficient or s t ress  coefficient i s  available with the CELAS4 

card. 

Scalar elements may be connected to ground wi thout the use sf  constraint cards. Grounded 

connections are indicated on the connection card by leaving the appropriate scalar identification 

number blank. Since the values for  scalar  elements are not functions of material properties, no 

references t o  such cards are needed. 

The CMASS1, CMASS2, CMASS3 and CMASS4 cards define scalar  masses in a manner sirni l a r  to  the 

scalar  spring definitions. The associated PMASS card contains only the magnitude of the scalar 

mass. 

The CDAMP1, CDAMPP, CDAMP3 and CDAMP4 cards define scalar dampers in  a manner similar t o  the 

scalar  spring definitions. The associated PDAMP card contains only a value for  the scalar damper. 
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(a) Element 
sys tem 

(b) Element 
forces 

X 

Plane 2 

Figure 1. Bar element coordinate system and element forces, 

1.3-15 



Figure 2. Rod element coordinate system and element forces 

Figure 3. Shear panel coordinate system and element forces 

M1 3 

Figure 4. Twis t  panel coordinate system and element f o r c e s .  

1.3-16 (3/1/70) 
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Figure 5. Plate element coordinate systems. 

9.3-17 
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Figure 6 .  Forces and stresses i n  plate elements. 

1.3-18 
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UZ - Displacement 
Coordinates 

z 

Figure 7. Geometry for conical shell element. 
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Figure 8. ,Triangular ring element coordinate system . 

Figure 9, Trapezoidal r ing element coordinate system . 
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r ,i? 
Section A-A 

Figure  10. Toroidal  r i n g  element  c o o r d i n a t e  system . 
1.3-21 
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F igure  11. S t r e s s e s  f o r  t o r o i d a l  element. 

1.3-22 
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1.4 CONSTRAINTS AND PARTITIONING 

Structura l  matrices are i n i t i a l l y  assembled in terms of a1 1 s t ruc tu ra l  yrid points ,  which 

excludes only the e x t r a  s c a l a r  poirlts introduced f o r  dynamic analys is .  These matrlces are gener- 

ated with s i x  degrees of freedom f o r  each geometric gr id  point  and a  s ingle  degree of freedom f o r  

each s c a l a r  point .  Various const ra in ts  are  applied t o  these matrices i n  order to  remove undesired 

s i n g u l a r i t i e s ,  provide boundary condit ions,  def ine  r i g i d  elements, and provide other desired 

cha rac te r i s t i c s  f o r  the  s t ruc tu ra l  model. 

There a re  two bas ic  kinds of const ra in ts .  Single-point  const ra in ts  are used to constrain a  

degree of freedom t o  zero o r  t o  a  prescribed value, and multipoint  const ra in ts  are used t o  con- 

s t r a i n  a  degree of freedom t o  be equal to  a  l i n e a r  combination of the  values of other degrees of 

freedom. The following four types of bulk data cards are provided f o r  the defi rii t i  on of 

const ra in ts  : 

1 .  Single-point const ra in t  cards 

2. Mu1 t i  point const ra in t  cards 

3. Cards t o  define reaction points on f r e e  bodies 

4. Cards to  define the omitted coordinates in matrjx pa r t i t i on ing  

The l a t t e r  type does not produce const ra in t  forces  in  s t a t i c  analysis 

1.4.1 Single-Point Constraints 

A single-point  const ra in t  applies a  f ixed value t o  a  t r ans la t iona l  o r  rotational  component 

a t  a  geometric grid point  o r  t o  a  s c a l a r  point .  One of the most common uses of s ingre-point  con- 

s t r a i n t s  i s  t o  specify the  boundary conditions of a  s t ruc tu ra l  model by f ix ing the appropriate 

degrees of freedom. Multiple s e t s  of single-point  const ra in ts  can be provided i n  the Bulk Data 

Deck, with se lec t ions  made a t  execution time by using the subcase s t ruc tu re  in ths Case Control 

Deck as explained in Section 2.3.3. This procedure i s  pa r t i cu la r ly  useful in t h e  solution of 

problems having one o r  more planes of symmetry. 

The elements connected t o  a  gr id  point may not provide resis.tance to  motion ce r t a in  

d i rec t ions ,  causing the  s t i f f n e s s  matrix t o  be s ingu la r .  Single-point const ra in ts  are used to  

remove these degrees of freedoni from the s t i f f n e s s  matrix.  A typical  example i s  a planar s t ruc-  

ture  composed of membrane and extensional elements. The "cannsla"Lisns nora~al t o  the plane a n d  211 

three rotational  degrees of freedoni must be constrained since the  corresponding s t i f f n e s s  matrix 
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terms are a l l  zero. I f  a g r id  point has a d i rec t ion of zero s t i f f n e s s ,  the s ingle-point  con- 

s t r a i n t  need not be exactly i n  t h a t  d i r ec t ion ,  b u t  only needs to have a component in t h a t  d i rec-  

t ion .  This allows the use of single-point  const ra in ts  f o r  the removal of such s i n g u l a r i t i e s  

regardless of the  or ienta t ion of the global coordinate system. Although the displacements wi l l  

depend on the d i rec t ion of the  cons t r a in t ,  the  in ternal  forces  wi 11 be unaffected. 

One of the  tasks performed by the  Structural  Matrix Assembler (Section 4.27 of the  Program- 

mer's Manual) i s  t o  examine the  s t i f f n e s s  matrix f o r  s i n g u l a r i t i e s  a t  t he  gr id  point  l eve l .  Sin- 

g u l a r i t i e s  remaining a t  t h i s  l eve l ,  following the appl ica t ion of the single-point  cons t r a in t s ,  a re  

l i s t e d  in  the Grid Point Singular i ty  Table (GPST). This t ab le  i s  automatically printed following 

the  comparison of the  possible s ingular i  t i e s  tabula ted  by the St ructura l  Matrix Assembler with the  

single-point  const ra in ts  and the dependent coordinates of the multipoint const ra in t  equations 

provided by the  user.  The GPST contains a l l  possible combinations of s i  ngle-poi n t  cons t r a in t s ,  i n  

the global coordinate system, t h a t  can be used to  remove the  s ingular i  t i e s .  These remaining s in-  

g u l a r i t i e s  a re  t rea ted  only a s  warnings, because i t  cannot be determined a t  t he  gr id  point  level  

whether o r  not the  s i n g u l a r i t i e s  are removed by other  means, such as general elements or  multipoint  

const ra in ts  in  which these s i  ngul a r i  t i e s  a re  associated with independent coordinates.  

Single-point const ra in ts  are defined on SPC, SPC1, SPCADD and SPCAX cards.  The SPC card i s  

the most general way of specifying single-point  cons t r a in t s .  The SPCl card i s  a l e s s  general card 

t h a t  i s  more convenient when a number of gr id  points have the same components constrained t o  a 

zero displacement. The SPCADD card defines a union of s ingle-point  const ra in t  s e t s  specified with 

SPC or  SPCl cards.  The SPCAX card i s  used only f o r  specifying s ingle-point  const ra in ts  in  problems 

using conical she1 1 elements. 

Single-point const ra in ts  can a l so  be defined on the GRID card. In t h i s  case,  however, t he  

const ra in ts  are  pa r t  of the model and modifications cannot be made a t  the subcase l e v e l .  Also, 

only zero displacements can be speci f ied  on the  GRID card. 

1.4.2 Multipoint Constraints 

Each multipoint  const ra in t  i s  described by a s ingle  equation t h a t  spec i f i e s  a l i n e a r  re la-  

t ionship f o r  two o r  more degrees of freedom. Multiple s e t s  of multipoint  const ra in ts  can be 

provided in the Bulk Data Deck, with se lec t ions  made a t  execution time by using the subcase 

s t ruc tu re  i n  the  Case Control Deck as explained in  Section 2.3.3. Multipoint const ra in ts  a re  
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discussed i n  Sections 3.5.1 and 5.4 of the Theoretical Manual. 

Mu'It.ipoint const ra in ts  are defined on MPC, MPCADD and NPCAX cards.  The MPC card -is t h e  

Lasic cai-d f o r  defining mu1 t i  point  constrai nts  . The f i r s t  coordinate nientioried on the card i s  

taken as the dependent degree of freedom, i .e .  t h a t  degree of freedom t h a t  i s  removed fi-om the  

equations of motion. Dependent degrees of freedom may appear as independent terins in  o ther  

equations of the s e t ,  however, they may appear as dependent terms in  only a s ingle  equation. The 

MPCADD card defines a union of multipoint  const ra in t  s e t s  speci f ied  with MPC cards.  The MFCA)! 

card i s  used only f o r  specifying multipoint  const ra in ts  in  problems using conical shel l  elei~ients.  

Some uses of multipoint  const ra in ts  a re :  

1. To enforce zero motion in d i rec t ions  o ther  than those corresponding with coinporients of 

the global coordinate system. In t h i s  case,  the multipoint  const ra in t  will  involve 

only the  degrees of freedom a t  a s ingle  gr id  point .  The cons t r a in t  equation r e l a t e s  the 

displacement in the direction of zero motion t o  the displacement components in  the 

global system a t  the g r id  point .  

2 .  To describe r i g i d  elements and mechanisms such as levers ,  pulleys and gear t r a i n s .  In 

t h i s  appl ica t ion,  the  degrees of freedom associated with the  r i g i d  element t h a t  a re  i n  

excess of those needed t o  describe r i g i d  body motion are  eliminated with mu1 t i  point 

const ra in t  equations.  Treatment of very s t i f f  members as being r ig id  elements elimin- 

a t e s  the  i l l -condi t ioning associated with t h e i r  treattilent as ordi nsry e l a s t i c  elements. 

3. To be used with s c a l a r  elements to  generate nonstandard s t ruc tu ra l  elements and other 

speci a1 e f f e c t s .  

4. To describe par ts  of a s t ruc tu re  by local  vibration modes. This application i s  t rea ted  

in section 14.1 of the  Theoretical Manual. The general idea i s  t h a t  the matrix of local  

eigenvectors represents a s e t  of const ra in ts  r e l a t ing  physical coordinates to moddl 

coordinates. 

A t  p resent ,  the user provides the coeff ic ients  in the mu1 t i  point  const ra in t  equations. 

1 . 4 . 3  Free Body Supports 

In the following discussion,  a f r e e  body i s  defined as a s t ruc tu re  t h a t  i s  capable of motion 

without in ternal  s t r e s s ,  i . e ,  i t  has one o r  more r i g i d  body degrees of freedom. The s t i f f n e s s  

rnatr-rx f o r  a f ree  body i s  s ingular  with the defect  equal to  the number of s t r e s s - f r e e ,  o r  r i g ~ d  
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body modes. A so l id  three-dimensional body has up to  s i x  r ig id  body modes. Linkages and 

mechanisms can have a g rea te r  number. No r e s t r i c t i o n  i s  placed in  the program on the number of 

s t r e s s - f r ee  modes, in order t o  permit the  analysis of mechanisms. 

Free-body supports are  defined with a SUPPRT card. In the  case of problems using conical 

shel l  elements, t h e  SUPAX card i s  used. In e i t h e r  case,  only a s ing le  s e t  can be spec i f i ed ,  and 

i f  such cards appear in  the Bulk Data Deck, they a re  automatically used in  the solut ion.  Free- 

body supports must be defined in  the  global coordinate system. 

In s t a t i c  analysis by the  displacement method, the r ig id  body modes must be res t ra ined in  

order to  remove the  s ingu la r i ty  of the  s t i f f n e s s  matrix. The required const ra in ts  may be supplied 

with single-point  cons t r a in t s ,  multipoint  cons t r a in t s ,  o r  free-body supports.  I f  free-body 

supports are used, the r i g i d  body cha rac te r i s t i c s  wi 11 be calculated and a check will  be made on 

the suff ic iency of the supports.  Such a check i s  obtained by ca lcula t ing the  r i g i d  body e r r o r  
> 

r a t i o  as defined in  the Rigid Body Matrix Generator operation in  Section 3.2.2.  This e r r o r  r a t i o  

i s  automatically printed following the execution of the Rigid Body Matrix Generator. The e r r o r  

r a t i o  should be zero,  but may be nonzero f o r  any of the following reasons : 

1 . Round-off e r r o r  accumulation 

2 .  Insu f f i c i en t  free-body supports have been provided 

3. Redundant free-body supports have been provided 

The redundancy of the supports may be caused by improper use of the  free-body supports themselves, 

or  by the presence of single-point  o r  multipoint  const ra in ts  t h a t  constrain the r i g i d  body motions. 

S t a t i c  analys is  with i n e r t i a  r e l i e f  i s  necessari ly made on a model having a t  l e a s t  one r i g i d  

body motion. Such r i g i d  body motion must be constrained by the use of free-body supports.  These 

supported degrees of freedom define a reference system, and the e l a s t i c  displacements a r e  ca l -  

culated r e l a t i v e  t o  the  motion of the support points.  The element s t r e s s e s  and forces wi l l  be 

independent of any val id  s e t  of supports.  

Rigid body vibration modes a re  calculated by a separate procedure provided t h a t  a s e t  of 

free-body supports are  supplied by the  user.  This i s  done t o  improve ef f ic iency and, in  some 

cases,  r e l i a b i l i t y .  The determinant method, f o r  example, has d i f f i c u l t y  ext rac t ing zero frequen- 

cy roots of high mu1 t i  pl i c i  t y ,  whereas the a1 ternate  procedure of ext rac t ing r i g i d  body modes 

i s  both e f f i c i e n t  and r e l i a b l e .  I f  the user does n o t s p e c i f y  free-body supports (or  he spec i f i e s  
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an insu f f i c i en t  number of them) the  (remaining) r ig id  body modes will  be calculated by the method 

se lec ted  f o r  the  f i n i t e  frequency modes, provided zero frequency i s  included in the range of 

i n t e r e s t .  If the  user  does not provide free-body supports,  and i f  zero frequency i s  not included 

in  the  range of i n t e r e s t ,  the  r i g i d  body modes wi 11 not be ca lcula ted .  

Free-body supports must be speci f ied  i f  the mode accelera t ion method of solut ion improvement 

i s  used f o r  dynamics problems having r i g i d  body degrees of freedom (see Section 9 .4  of the  

Theoretical Manual ). This solut ion improvement technique involves a s t a t i c  solut ion,  and a1 though 

the dynamic solut ion can be made on a free-body, the  s t a t i c  solut ion cannot be performed without 

removing the s i n g u l a r i t i e s  i n  the  s t i f f n e s s  matrix associated with the  r i g i d  body motions. 

1 .4 .4  Pa r t i t i on ing  

A two-way pa r t i t i on ing  scheme i s  provided as an optional fea ture  f o r  the NASTRAN model. The 

pa r t i t i ons  are  defined by l i s t i n g  the  degrees of freedom f o r  one of the pa r t i t i ons  on the OMIT 

card. These degrees of freedom a re  refer red  t o  as the  omitted s e t .  The remaining degrees of 

freedom are refer red  t o  as the  analysis s e t .  The PMIT1 card i s  e a s i e r  to  use i f  a la rge  number 

of gr id  points have the  same degrees of freedom in  the omitted s e t .  In the case of problems 

using conical shel l  elements, the PMITAX card i s  used. 

Par t i t ioning can be used t o  improve the ef f ic iency in the solut ion of ordinary s t a t i c s  

problems where the  bandwidth of the  unpar t i t i sned s t i f f n e s s  matrix i s  la rge  enough t o  cause 

excessive use of secondary storage devices during the t r iangular  decomposition of the s t i f f n e s s  

matrix. In t h i s  appl ica t ion,  the analysis s e t  should be r e l a t ive ly  small and should be se lec ted  

so  t h a t  the omitted s e t  wil l  cons i s t  of uncoupled p a r t i t i o n s ,  each having a bandwidth of approxi- 

mately the same s i z e  and smaller  than the  or ig inal  matrix. The omitted s e t  might be thought of as 

consist ing of several substructures which are  coupled t o  the analysis s e t .  

Matrix pa r t i t i on ing  a l so  improves ef f ic iency when solving a number of s imi l a r  cases with 

s t i f f n e s s  changes in  local  regions of the s t ruc tu re .  In t h i s  appl ica t ion,  the omitted s e t  i s  

r e l a t ive ly  l a rge ,  and should be se lec ted  so t h a t  the s t ruc tu ra l  elements t h a t  will be changed are  

connected only t o  points in  the  analysis s e t .  The s t i f f n e s s  matrix f o r  the omitted s e t  i s  then 

unaffected by the s t ruc tu ra l  changes, and only the smaller  s t i f f n e s s  matrix f o r  the analys is  s e t  

need be decomposed f o r  each case. In order t o  avoid repeating the decomposition of the s t i f f n e s s  

matrix f o r  the omitted s e t ,  the  a l t e r  fea ture  must be used t o  replace the functional module SMPl 
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vll' ch  SMP2 The a l t e r  fea ture  i s  described in  section 2 . 2 ,  and a s imi la r  use of SMP2 occurs near 

the end o f  the DMAP sequence used in the r ig id  format f o r  S t a t i c  Analysis with Dif ferent ia l  S t i f f -  

n e i s .  

One of the more important applications of pa r t i t i on ing  i s  the Guyan Reduction, described i n  

Section 7.5.4 of the  Theoretical Manual. This technique i s  a means f o r  reducing the number of 

degrees o f  freedom used in dynamic analysis with minimum loss of accuracy. I t s  basis i s  t h a t  many 

fewer gr id  points a re  needed t o  describe the i n e r t i a  of a s t ruc tu re  than are  needed t o  describe i t s  

e l a s t i c i t y  with comparable accuracy. The e r r o r  in  the approximation i s  small provided t h a t  the 

s e t  of displacements used f o r  dynamic analysis i s  judiciously chosen. I t s  members should be 

uniformly dispersed throughout the  s t ruc tu re  and a l l  large mass items should be connected to  g r id  

points t h a t a r e  members of the  analysis s e t .  

The user i s  cautioned t o  consider the f a c t  t h a t  the matrix operations associated with t h i s  

par t i t ioning procedure tend t o  crea te  nonzero terms and t o  f i l l  what were previously very sparse 

matrices.  The par t i t ioning option i s  most e f f ec t ive ly  used i f  the members of the omitted s e t  

are e i t h e r  a very large f r ac t ion  o r  a very small f r ac t ion  of the  t o t a l  s e t .  In most of the 

applications the omitted s e t  i s  a large f rac t ion of the t o t a l  and the matrices used f o r  ana lys i s ,  

while small ,  a re  usually f u l l .  I f  the  analysis s e t  i s  not a small f r ac t ion  of the t o t a l ,  a 

so lut ion using the l a r g e r ,  but sparser  matrices,  may well be more e f f i c i e n t .  The pa r t i t i on ing  

option can a l so  be used t o  make modest reductions in  the  order of the problem by placing a few 

scat tered  gr id  points in the  omitted s e t .  I f  the points in the omitted s e t  are uncoupled, the 

sparseness in the matrices wi l l  be well preserved. 
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1.5  APPLIED LOADS 

1.5.1 S t a t i c  Loads 

In NASTRAN, s t a t i c  loads are applied to  geometric and s c a l a r  gr id  points in a var ie ty  of 

ways, including: 

1 .  Loads applied d i r ec t ly  t o  gr id  points .  

2. Pressure on surfaces .  

3. Gravity loads ( in t e rna l ly  generated).  

4 .  Centrifugal forces due to  steady ro ta t ion .  

5 .  Equivalent loads r e su l t ing  from thermal expansion 

6.  Equivalent loads resul t ing  from enforced deformations of s t ruc tu ra l  elements. 

7. Equivalent loads r e su l t ing  from enforced displacements of gr id  points .  

Additional information on s t a t i c  loads i s  given in  Section 3.6 of the  Theoretical Manual. Any 

number of load s e t s  can be defined in  the Bulk Data Deck. However, only those s e t s  se lec ted  in  the  

Case Control Deck, as described in Section 2 .3 ,  wi l l  be used in the problem solut ion.  The manner 

of se lec t ing each type of load i s  speci f ied  on the associated bulk data card description in 

Section 2.4.  

The FORCE card i s  used to  define a s t a t i c  load applied to  a geometric gr id  point  in terms of 

components defined by a local  coordinate system. The or ienta t ion of the load components depends 

on the  type of local  coordinate system used t o  define the  load. The di rec t ions  of the  load 

components are the same as those indicated on Figure 1 of Section 1 .2  f o r  displacement components. 

The FORCE1 card i s  used i f  the d i rec t ion i s  determined by a vector connecting two gr id  points ,  and 

a FORCE2 card i s  used i f  the d i rec t ion i s  speci f ied  by the cross product of two such vectors.  The 

MOMENT, MOMENT1 and MOMENT2 cards are used in a s imi l a r  fashion t o  define the application of a 

concentrated moment a t  a geometric grid point .  The SLOAD card i s  used to  define a load a t  a s c a l a r  

point .  In t h i s  case ,  only the magnitude i s  spec i f i ed ,  as only one component of motion e x i s t s  a t  

a s c a l a r  point .  

The FORCEAX and MOMAX cards are used to  define the loading of speci f ied  harmonics on rings 

of conical shel l  elements, FORCE and MOMENT cards may be used to  apply concentrated loads o r  

moments t o  conical shel l  elements, providing tha t  such points have been defined with a PgINTAX 

card. 
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Pressure loads on t r i angu la r  and quadr i la tera l  elements are defined with a  PLOAD2 card.  

The posit ive d i rec t ion of the  loading i s  determined by the order of the gr jd  points on the 

element connection card ,  using the r igh t  hand r l ~ l e .  The magn; -tude and di rec t ion of the  load i s  

automatically computed frorn the value of the pressure and the coordinates of the connected gr id  

points ,  The load i s  applied t o  .the connected gr id  points .  The PLPAD card i s  used in a  s imi l a r  

fashion t o  define the loading of any three or  four grid points regardless of whether they a re  

connected with two-dimensional elements. The PRESAX card i s  used t o  define a  pressure loading on 

a  conical shel l  elenient. 

The GRAV card i s  used t o  specify a  gravity load by providing the components of the gravi ty  

vector in any defined coordinate system. The gravi ty  load i s  obtained from the  gravi ty  vector and 

the mass matrix assembled by the  St ructura l  Matrix Assembler (see Section 4.28 of the  Programmer's 

Manual ). The gravi ta t ional  acceleration i s  not calculated a t  s c a l a r  points .  Tile user i s  required 

to  introduce gravity loads a t  s c a l a r  points d i r e c t l y .  

The RFBRCE card i s  used t o  define a  staa'ti c  loading condition due to  a  centrifugal  force 

f i e l d .  A centrifugal  force load i s  speci f ied  by the designation of a  gr id  point t h a t  l i e s  on 

the axis  of ro ta t ion  and by the  components of ro ta t ional  ve loci ty  in any defined coordinate 

system. In the calculation of the  centrifugal  fo rce ,  the mass niatrix i s  regarded as pertaining 

to  a  s e t  of d i s t i n c t  r i g i d  bodies connected t u  gr id  points ,  Deviations frorn t h i s  viewpoint, 

such as the use of s c a l a r  points o r  the  use of mass coupling between grid points ,  can r e s u l t  in 

e r r o r s .  

The equivalent loads due t o  thermal expansion are  calculated by separa te  subroutines f o r  

each type of s t ruc tu ra l  elenient, and are  applied to  the connected gr id  points.  The temperatures 

t h a t  are  speci f ied  a t  gr id  points (using TEMP, TEMPD and TEMPAX cards)  are interpolated t o  the 

centers of the elements. The temperature i s  assumed to  be uniform throughout the volume of each 

element. The thermal expansion coeff ic jents  and temperature dependent e i a s t i c  moduli a re  defined 

on the material property def in i t ion  cards.  The mere presence of a  thermal f i e l d  does not imply 

the applicatjon of a  thermal load. A therinal load will  not be applied unless the user makes a  

spec i f i c  request in the Case Control Deck. 

Enforced axial  defor~riations can be applied to  rod and bar elements. They are use-ful in the  

stmulati on of inisfi t and rnisa'lignment i n  engineering strtrc Lures. As i n  the case of therinial expan- 

s ion ,  the equi va'lent: loads are cal r:il ated by separate subrou.tiiics feu each type of s t ruc tu ra l  



eleinent, and are  applied t o  tile cnrrnected gr id  points .  The magr!"i:tude of the a x i a l  defornzation i s  

speci f ied  on a DEFgRM card.  

The equivalent loads re:;t!l t i ng  fron! enforced d.i splacments of gr.1: d points are ca"!cul ated by 

the program and added to  the o ther  appl ieci loads.  The magni tudes of the  enforced displacemetits 

are  speci f ied  on SPC cards (SPCAX in the  case of conical shel l  problems) in the global caordinate 

system. The application of the load i s  automatic when the user s e l e c t s  the associated SPC s e t  

in the Case Control Deck. 

The LPAD card -in tile Bulk Data Deck defines a s t a t i c  loading condition tha t  i s  a l i n e a r  com- 

bination of load s e t s  consistling of loads applied d i r e c t l y  to  gr id  points ,  pressure loads,  gravi ty  

loads and centr i fugal  forces .  This card must be used i f  gravity loads are  to  be used in  combina- 

t i on  with 'loads applied d j r ec t ly  t o  gr id  points ,  pressure loads or  cent r i fugal  forces .  The 

application of the combined loading condition i s  requested in the Case Cotitrol Deck by se l ec t ing  

the s e t  number of the LOAD combination. 

I t  should be noted tha t  the equivalent loads (thermal, enforced deformation and enforced 

displacement) must be separately se lec ted  in  the Case Control Deck. For any pa r t i cu la r  so lu t ion ,  

the  to ta l  s t a t i c  load will  be the suln of the  applied loads (gr id  pa.int loading, pressure loading, 

gravity loading and centrifugal fo rces )  and the equivalent loads.  

1.5.2 _Frequency Dependent Lo& 

A discussion of frequency response ca lcula t ions  i s  given in  Section 12.1 of the Theoretical 

Manual. The DLf3AD card i s  used to  define l i n e a r  combinations of frequency dependent loads t h a t  are  

defined on RLPAD1 or  RLf3AD2 cards. The RLPADl card defines a frequency dependent load o f  the 

form 

{ P ( f ) )  = { A [ c ( ~ )  + i ~ ( f ) ] e ~ ( ~ - ' " ' )  
3 (1 )  

where A i s  defined on a DARER card,  C ( f )  and D(f) are defincd on TABLED1 cards ,  8 i s  defined on a 

DPHASE card,  and T i s  defined on a DELAY card.  The RLoAD2 card defines a frequency dependent load 

of the form 

{ P ( f ) )  = / A ~ ( f ) e  i { ~ ( f  )+ a-2nf1 I , (2 

where A i s  defi ned on a DF,REA card ,  B ( f )  and p ( f )  are def i i~ed on iAB!.EDi ca rds ,  8 i s  defined on a 
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DPHASE card,  and 7 i s  d e f i n e d  on a  DELAY card.  The c o e f f i c i e n t s  on the  DAREA, LIELAY and DPHASE 

cards may be d i f f e r e n t  f o r  each loaded degree O F  freedom. The loads a re  a p p l i e d  t o  the  s p e c i i i e d  

components i n  t h e  g l o b a l  coord ina te  system. 

A  d i s c u s s i o n  of random response c a l c u l a t i o n s  i s  g iven  i n  Sec t ion  12.2 o f  t h e  T h e o r e t i c a l  

Manual. The RANDPS c a r d  def ines l o a d  s e t  power z p e c t r a l  d e n s i t y  f a c t o r s  f o r  use i n  random a n a l y s i s  

o f  the form 

S .  ( f )  = ( X t  i Y ) G ( f )  
J k 

( 3 )  

where G ( f )  i s  def ined on a  TABRNDi ca rd .  The s u b s c r i p t s  j an3 k d e f i n e  t h e  subcase numbers o f  t h e  

l o a d  d e f i n i t i o n s .  If t h e  a p p l i e d  loads a re  independent, o n l y  t h e  d iagona l  t e r n s  ( j = k )  need be 

de f ined .  The RANDIl c a r d  i s  used t o  s p e c i f y  t h e  t ime l a g  cons tan ts  f o r  use i n  t h e  computat ion o f  

t h e  a u t o c o r r e l a t i  on f u n c t i o n s .  

1 .5.3 Time Dependent Loads 

A  d i s c u s s i o n  o f  t r a n s i e n t  response c a l c u l a t i o n s  i s  g i v e n  i n  Sec t ion  11 o f  t h e  T h e o r e t i c a l  

Manual. The DL@AD c a r d  i s  used t o  d e f i n e  l i n e a r  combinat ions o f  t ime dependent loads t h a t  a re  

d e f i n e d  on TLPAD1 and TLBAD2 cards.  The TLOAD1 c a r d  de f ines  a  t ime  dependent l o a d  o f  the  form 

where A  i s  d e f i n e d  on a  DAREA card, T i s  d e f i n e d  on a  DELAY card,  and F ( t - T )  i s  d e f i n e d  on a  

TABLEDi card.  The TLPADZ card  d e f i n e s  a  t ime  dependent l o a d  o f  t h e  form 

where t = t - TI - T and A  and T a re  d e f i n e d  as above. The c o e f f i c i e n t s  on the  DAREA and DELAY 

cards may be d i f f e r e n t  f o r  each loaded degree o f  freedom. The loads a re  a p p l i e d  t o  the s p e c i f i e d  

components i n  the  g l o b a l  coord ina te  system. 

Non l inear  e f f e c t s  a re  t r e a t e d  as an a d d i t i o n a l  a p p l i e d  l o a d  v e c t o r ,  f o r  which the  components 

are f u n c t i o n s  o f  t h e  degrees o f  freedom. This  a d d i t i o n a l  l o a d  vect'or i s  added t o  the r i g h t  s i d e  

o f  -the equat ions o f  mot ion  and t r e a t e d  along w i t h  the a p p l i e d  i o a d  v e c t o r  d u r i n g  nume!-ical i n t e -  
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grat ion.  I t  i s  required t h a t  the points t o  which the nonlinear loads are  applied and tile degrees 

of freedom on which they depend be members of the solution s e t ,  i . e . ,  t ha t  they cannot be degrees 

of freedom eliminated by cons t r a in t s .  I t  i s  fu r the r  required,  t h a t  i f  a modal formulation i s  used, 

the points referenced by the  nonlinear loads be members of the s e t  of ext ra  s c a l a r  p0in.t-s i n t r n -  

duced f o r  dynamic analys is .  

A t  p resent ,  NASTRAN includes four d i f f e r e n t  types of nonlinear elements. For a discussinri of 

nonlinear elements see Section 11.2 of the  Theoretical Manual. The NPLIN1 card defines a nonlinear 

Toad of the form 

where Pi i s  the load applied t o  ui , Si i s  a sca le  f ac to r ,  T (u . )  i s  a tabulated function defined 
J 

with a TABLEDi card,  and u i s  any permissible displacement component. The NgLIM2 card defines 
j 

a nonlinear load of the  form 

where u .  and uk a re  any permissible p a i r  of displacement components. They may be the same, The 
J 

NgLIN3 card defines a nonlinear load of the foin! 

where A i s  an exponent. The NgLIN4 card defines a nonlinear load of the  form 
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1 .6  DYNAMIC MATRICES 

The dynamic matrices a re  defined as the s t i f f n e s s ,  mass and damping matrices used in e i t h e r  

the d i r e c t  o r  modal formulation of dynamics problems. The assembly of dynamics matrices i s  

discussed i n  Section 9.3 of the  Theoretical Manual. There a re  three  general sources f o r  the  

elements of the dynamic matri ces.  

1. Matrices generated by the St ructura l  Matrix Assembler. 

2 .  Direct input matrices.  

3. Modal matrices obtained from real  eigenval ue analys is .  

The St ructura l  Matri x Assembler generates s t i f f n e s s  terms from the  fo l  1 owi ng sources : 

1. St ructura l  elements defined on connection cards,  e .  g. , CBAR and CROD. 

2.  General elements defined on GENEL cards.  

3. Scalar  springs defined on CELASi cards.  

The St ructura l  Matrix Assembler generates mass terms from the  following sources: 

1 .  A 6x6 matrix of mass coe f f i c i en t s  a t  a gr id  point  defined on a CONMI card.  

2. A concentrated mass element defined on a CONM2 card in  terms of i t s  mass and moments of 
i n e r t i a  about i t s  center  of gravi ty .  

3. S t ructura l  mass f o r  a l l  elements, except p la te  elements without membrane s t i f f n e s s ,  using 
the mass density on the  material  def in i t ion  card. 

4. Nonstructural mass f o r  a l l  elements specifying a value on the property card.  

5 .  Scalar masses defined on CMASSi cards.  

A discussion of i n e r t i a  proper t ies ,  including the Lumped Mass method and the Coupled Mass method 

are given i n  Section 5.5 of the  Theoretical Manual. The St ructura l  Matrix Assembler will  use the 

Lumped Mass method f o r  bars ,  rods and pla tes  unless the PARAM card COUPBAR (see Section 3.1.5) i s  

used t o  request  the  Coupled Mass method. 

The St ructura l  Matrix Assembler generates damping terms from the  fo l  lowi ng sources : 

1. Viscous rod elements defined on CVISC cards.  

2 .  Scalar viscous dampers defined on CDAlvlPi cards. 

3 .  Element s t ruc tu ra l  damping by mu1 t ip ly ing the s t i f f n e s s  matrix of an individual s t ruc -  
tura l  element by a damping f a c t o r  obtained from the material properties (MAT1 ) card f o r  
the element. 

In addi t ion ,  uniform s t ruc tu ra l  damping i s  provided by inul t ip ly ing the s t i f f n e s s  matrix generated 
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i r ?  Striictural Matrix Assembler by a damping filctor t h i i t  i s  speci f ied  by the user on the PARAM 

card G (see Sec.tion 3 . :  - 5 ) .  

The direct input matrices are  generated by t r ans fe r  functions (TF ca ids )  o r  they a r e  s u p ~ ~ l i e d  

d i r ec t ly  by the user ( D M T G  ca rds ) .  The terms of the d i r e c t  input matrices may be associated 

e i t h e r  with g r id  points o r  w i t h  ex t ra  points introduced f o r  dynamic analys is .  

The modal matrices are  obtained from real eigenvalue analys is  using the s t i f f n e s s  and mass 

matrices generated by the  St ructura l  Matrix Assembler. 

1 -6 .1  Di rec t  Formulation 

In the d i r e c t  method of dynamic problem formulation, the degrees of freedom are  simply the 

displacements a t  gr id  points.  The dynamic matrices are  assembled from the d i r e c t  input matrices 

and the s t i f f n e s s ,  mass and damping matrices generated by the St ructura l  Matrix Assembler. The 

d i r e c t  input matrices are  generated by t r a n s f e r  functions ( T F  cards) o r  they are supplied d i r e c t l y  

by the user (DIIZIG cards) .  

Far frequency response analysis and complex eigenvalue analys is  the complete dynamic matrices 

are : 

wherc the subscripts dd indicate  the solut ion s e t  composed of the degrees of freedom remaining 

a f t e r  a l l  const ra in ts  have been applied and the  ext ra  s c a l a r  points introduced for dynamic 

analys is .  'ii:e matrices K, B and M a re  the  s t i f f n e s s ,  damping and mass matrices respect ively .  The 

stiperscri p-L 1 indica tes  the matrices generated by the St ructura l  Matrix Assembler. The superscr ip t  
4 2 indicates  the  d i r e c t  input matrices.  The matrix CKdd]  i s  a s t ruc tu ra l  damping matrix obtained 

by niul t i  plying the  s t i  Ffness matrix of an individual s t ruc tu ra l  element by a damping fac to r  
1 obtained from the material properties ( M A T i )  card f o r  the element. The matrix [Xdd]  i s  multiplied 

by ti-re damping fac to r  jg) t o  provide f o r  unifonn s t ruc tu ra l  damping in  cases where i t  i s  appropri- 

t i t e ,  The cons t an t  y i s  speci f ied  by the  user on a PARAM card ( see  Section 3 .1 .5) .  
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For t r ans ien t  response analys is  the complete dynamic matrices are : 

1 where w, i s  the  radian frequency a t  which the  t e n  ~ K ~ ~ I  produces the  same magnitude of damping 
w 3 

1 a s  the term ig[Kdd] i n  frequency response analys is ,  and w4 i s  the radian frequency a t  which the  

1 4  4 term - 4 K d d ]  produces the same magnitude of damping as the  term i[Kddl in  frequency response 
w4 

analys is .  The equivalent viscous damping i s  only an approximation t o  the s t ruc tu ra l  damping as  

the  viscous damping forces a re  l a rge r  a t  higher frequencies and smaller  a t  lower frequencies.  

Therefore,  the quan t i t i e s  w, and w4  are frequently se lec ted  by the user to  be a t  tiie center  of 

the  frequency range of i n t e r e s t .  A small value of g/w3 i s  frequently useful to  insure s t a b i l i t y  

of  higher modes in  nonlinear t r ans ien t  analys is .  The user  spec i f i e s  the values of w3 and us on 

PARAM cards W3 and W4 (see Section 3 .1 .5) .  I f  w3 and w4 a r e  omitted, the corresponding terms are  

ignored. 

1 .6.2 Modal Formulation 

I n  the modal method of dynamic problem formulation, the  vibration modes of the s t ruc tu re  in  

a se lec ted  frequency range are  used as degrees of freedom, thereby reducing the number of degrees 

of freedom while maintaining accuracy in the  se lec ted  frequency range. The frequency range i s  

speci f ied  on PARAM cards by e i t h e r  se lec t ing the number of lowest modes obtained from a real  

eigenvalue analys is  o r  se lec t ing a l l  of the  modes in  a giveh frequency range (see Section 3 .1 .5) .  

I t  i s  important t o  have both d i r e c t  and modal methods of dynamic problem formulation, i n  

order  to  maximize ef f ic iency in  d i f f e ren t  s i t u a t i o n s .  The modal method will  usually be more 

e f f i c i e n t  in problems where a small f rac t ion of a l l  of the  modes are  s u f f i c i e n t  to  produce the 

des i red  accuracy, provided t h a t  the bandwidth of the d i r e c t  s t i f f n e s s  matrix i s  l a rge .  The 

bandwidth may be large  due e i t h e r  to  a compact s t ruc tu ra l  arrangement or  to dynamic coupling 

e f f e c t s .  The d i r e c t  method will  usually be more e f f i c i e n t  fo r  problems in which the band~ridtli 

of the d i r e c t  s t i f f n e s s  matrix i s  small and f o r  problems w i t h  dynamic coupling in uhic l~  a l a r g e  
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f rac t ion of  .the v.ibratSml modes a re  required to  produce the desired accuracy. For problems igith- 

out dynamic coupling, . e . ,  fo r  problems in which the matrices of the modal formulation are  

diagonal,  the ~r~odal method wi!! frequently be more e f f i c i e n t ,  even though a large  f r ac t ion  of 

the modes a re  needed. 

The complete dynamic matrices used i n  dynamic analysis by the modal method include the d i r e c t  
2 2 2 

input mass, damping and s t i f f n e s s  matrices [ M d d ] ,  [Bdd], [ K d d ] ,  and the modal matrices [mi ] ,  [bi]  

and [ k i ] ,  obtained frorn real eigenvalue analys is .  The matrix [mi ]  i s  the modal mass matrix with 

off-di agonal ternis (wh.ich sholrld be zero) omitted. The modal damping matrix [bi] and s t i f f n e s s  

matrix [ k j ]  a r e  obtained from [ m i ]  by: 

where fi i s  the  frequency of the i th  normal mode and g ( f i )  i s  obtained by in terpola t ion of a 

t ab le  supplied by the [:ser to  represent the var ia t ion  of s t ruc tu ra l  damping with frequency. This 

table  i s  defined with a TAKDMP card.  St ructura l  damping wil'l not be used in  the modal formula- 

t ion  unless an SDAMPING card i s  used in  the  Case Control Deck t o  s e l e c t  a pa r t i cu la r  TABDMP card.  

The spec i f i ca t ion  of damping properties f o r  the  modal method i s  somewhat l e s s  general than i t  i s  

f o r  the d i r e c t  method, in t h a t  viscous dampers and nonuniform s t ruc tu ra l  damping are not used. 

The mode acceleration method of data recovery i s  optional when using the modal formulation 

f o r  t rans ient  response and frequency response problems, see Section 9 . 4  of the Theoretical Manual 

f o r  d e t a i l s .  In t h i s  procedure, the i n e r t i a  and damping forces are  computed from the  modal 

solut ion.  These forcer, a re  then added to  the applied forces and the combination i s  used t o  obtain 

a inore accurate displacement vector f o r  the s t ruc tu re  by s t a t i c  analys is .  This improved displace- 

ment vector i s  used in the s t r e s s  recovery operation.  The mode accelera t ion method i s  se lec ted  

with the PARAM card MgDACC (see Section 3 . 1 . 5 ) .  
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2.1 GENERAL DESCRIPTION OF DATA D E C K  

The input deck begins with the required res ident  operating system cuntrol cards.  The type 

and number of these cards wi l l  vary with the i n s t a i l a t i o n .  Ins t ruct ions  f o r  the preparation af 

these  control cards should be obtained from the programming s t a f f  a t  each i n s t a l l a t i o n .  

The operating system control cards a re  followed by the NASTRAN Data Deck, which consis ts  of 

the following three  sec t ions  : 

1 .  Executive Control Deck 

2 .  Case Control Deck 

3.  Bulk Data Deck 

The Executive Control Deck begins with the NASTRAN ID card and ends with the CEND card,  as 

indicated i n  Figure 1 .  I t  i d e n t i f i e s  the  job and the type of solution t o  be performed. I t  a l so  

declares the  general condi t ions  under which the  job i s  to  be executed, such a s ,  maximum time 

allowed, type of system diagnostics des i red ,  r e s t a r t  condit ions,  and whether or  not the  job i s  to  

be checkpointed. I f  the  job i s  t o  be executed with a r i g i d  format, the number of the  r i g i d  for-  

mat i s  declared along with any a l t e ra t ions  t o  the r i g i d  format t h a t  may be des i red .  I f  Direct  

Matrix Abstraction i s  used, the complete DMAP sequence must appear in the Executive Control Deck. 

The executive control cards and examples of t h e i r  use are  described i n  Section 2 . 2 .  

The Case C0nt.t-01 Deck begi tis with the  f i r s t  card following CEND and ends with the card pre- 

ceeding BEGIN BULK, as indicated in  Figure 1 .  I t  defines the subcase s t ruc tu re  f o r  the problem, 

makes se lec t ions  from the Bulk Data Deck, and makes output requests f o r  p r in t ing ,  punching and 

p lo t t ing .  A general discussion of the functions of the Case Control Deck and a d e t a i l  descr ip t ion 

of the cards used in t h i s  deck are given in  Section 2.3. The special requirements of the Case 

Control Deck f o r  each r ig id  format are discussed in  Sectior, 3. 

The Bulk Data Deck begins with the card following GEGIN BULK and ends with the card preceeding 

ENDDATA, as indicated in Figure 1 .  I t  contains a l l  of the d e t a i l s  of the s t ruc tu ra l  model and the 

conditions f o r  the solut ion.  The BEGIN B U L K  and ENDDATA cards must be present even though no new 

bulk data i s  being introduced in to  the problem o r  a l l  of the bulk data i s  coming from an a l t e rna te  

source, such as User's Master File o r  user generated input.  Generally speaking only one s t ruc tu ra l  

model can be defined in the  Bulk Data Deck. However, some of the bulk data ,  such as cards associ-  

ated with loading condi l~ ons , constrai nts , d i  r ec t  input malri res , t r ans fe r  Functions and thermal 
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f ie lds  may ex is t  in multiple s e t s .  All types of data that  are available in multiple sets  are 

discussed in Section 2.3.1. Only sets  selected in the Case Control Deck will be used in any 

garti  cular solution. 

Comment cards may be inserted in any of the parts of the NASTRAN Data Deck. These cards are 

identified by a $ in column one. Columns 2-72 may contain any desired text .  

A l l  NASTRAN data cards are  t o  be punched using the character s e t  shown i n  the table below. 
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NASPRAN DATA BECK 

Ffgcr,? 1. IlACT2APi d a t a  dock. 
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2.2 EXECUTIVE CONTROL D E C K  

The format of the Executive control cards i s  f r e e  f i e l d .  The name of the operation (e .g . ,  

CHKPNT) begins in  column 1 and i s  separated from t h e  operand by one or  more blanks a The f i e l d s  in  

the operand are  separated by commas, and may be in tegers  (Ki) o r  alphanumeric (Ai) as indicated in  

the  following control  card descr ip t ions .  The f i r s t  character  of an alphanumeric f i e l d  must be 

a lphabet ic  followed by up t o  7 addit ional  alphanumeric characters .  Blank characters  may be placed 

adjacent to separating commas i f  desired.  The individual cards are described in Section 2.2.1 

and examples follow i n  Section 2.2.2. 

2.2.1 Executive Control Card Descriptions 

ID Al, A2 Required. 

Al, A2 -- Any legal  alphanumeric f i e l d s  chosen by the user f o r  problem i d e n t i f i c a t i o n .  

RESTART Al IA2 ,  K1/K2/ K3 Requi red f o r  Restart .  

Al, A2 -- Fields taken from ID card of previously checkpointed problem. 

Kl/K2/K3 -- Month/Day/Year t h a t  Problem Tape was generated. 

The complete r e s t a r t  dict ionary consis ts  of t h i s  card followed by one card f o r  each f i l e  

checkpoi nted. The r e s t a r t  dict ionary i s  automatically punched when operating in  the  checkpoint 

mode. 

UMF K1, K2 Required when using User's Master File 

K1 -- User speci f ied  tape iden t i f i ca t ion  number assigned during the generation of the  User's 
Master Fi le .  

K2 -- Problem iden t i f i ca t ion  number assigned during generation of User's Master F i l e .  

CHKPNT A Optional. Default option i s  N@. 

A -- YES i f  problem i s  to  be checkpointed. 

A -- Nfl i f  problem i s  not t o  be checkpointed. 

APP A Required. 

A -- DISPLACEMENT indi sa t e s  one of the D i ? r  " rceraent Approach r ig id  formats. 

A -- DMAP indica tes  Direct Matrix Abstraction Approach (DMAP) . 
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Sf11 K1, K2 Required when using r ig id  format (see Section 3.1 for  available options) 

K1 -- Solution number o f  Rigid Format, 

K2 -- Subset of s s l u t i ~ n  K1 

ALTER K1, K2 Optional . 
K1, K2 -- Fi r s t  and l a s t  DMAP ins t ruct ions  of se r i es  t o  be deleted and replaced with any 

following DMAP ins t ruct ions .  

ALTER K Optional . 
K -- Input any following DMAP ins t ruct ions  a f t e r  statement' K. 

TIME K Required. 

K -- Maximum allowable execution time in  minutes. 

ENDALTER Required when using ALTER. 

Indicates end of DMAP a1 t e ra t ions .  

DIAG K Optional request f o r  diagnostic output. 

K = 1 Dump memory following f a t a l  e r ro r .  

K = 2 Pr int  File Allocation Table (FIAT) following each ca l l  to  the File Allocator. 

K = 3 Print  s t a tus  of the Data Pool following each ca l l  t o  the Data Pool Housekeeper. 

K = 4 Pr int  the Operation Sequence Control Array (@SCAR) 

K = 5 Pr int  BEGIN time on-line fo r  each functional module. 

K = 6 Print  E N D  time on-line f o r  each functional module. 

Multiple options may be selected by using multiple integers separated by commas. 
Other options and other rules  associated with the DIAG card which primarily concern the 
programmer can be found in  Section 6.1 1 ' 3  of the Programmer's Manual. 

BEGIN Required when using DMAP approach. 

Indicates beginning of DMAP sequence. This card i s  supplied as part  of a Rigid Format. 

END Required when using DMAP approach. - 
Indicates end of MAP sequence. This card i s  supplied as part  of a Rigid Format. 

UMFEDIT Required when using User's Master File Editor (see Section 2.5) 

CEND Requi red 
P 

Indicates end of Executive control cards. 
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The I D  c a r d  must appear f i r s t  and CEND must be t h e  l a s t  c a r d  o f  the  Execu t i ve  Con t ro l  Deck. 

Otherwise the Execu t i ve  C o n t r o l  ca rd  groups (RESTART d i c t i o n a r y ,  DMAP sequence, ALTER packe t )  can 

be i n  any o rder .  

2.2.2 Execu t i ve  C o n t r o l  Deck Examples 

1 . Cold s t a r t ,  no checkpo in t ,  r i  g i  d  format ,  d i a g n o s t i c  ou tpu t .  

I D  MYNAME, BRIDGE23 
AP P DISPLACEMENT 
SaL 2 50 
TIME 5 
DI AG 1,2 
CEND 

2. Cold s t a r t ,  checkpoint ,  r i g i d  fo rmat .  

I D  PERSflNZZ, SPACECFT 
CHKPNT YES 
AP P DISPLACEMENT 
SflL 1,3 
TIME 15 
CEND 

3. R e s t a r t ,  no checkpoint ,  r i g i d  fo rmat .  The r e s t a r t  d i c t i o n a r y  i n d i c a t e d  by t h e  brace i s  

a u t o m a t i c a l l y  punched on p rev ious  r u n  i n  which t h e  CHKPNT o p t i o n  was s e l e c t e d  by t h e  user .  

I D  JgESHMgE, PRgJECTX 
RESTART PERSgNZZ, SPACECFT , 05/13/67, 

1  , XVPS, FLAGS=O, REEL=l , F I  LE=6 

I 
2, REENTER AT DMAP SEQUENCE NUMBER 7 
3, GPL, FLAGS=O REEL=], FILE=7 

\ $ END OF CHECKPgINT DTCTIgNARY 

APP DISPLACEMENT 
SlaL 3Y3 
TIME 10 
CEND 

4. Cold s t a r t ,  no checkpo in t ,  DMAP. User-wri  t t e n  DMAP program i s  i n d i c a t e d  by braces. 

I D  IAM007, TRY I T  
APP DMAP 
BEGIN 

{DMAP statements go here }  

END 
TIME 8 
CEND 
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5.  R e s t a r t ,  checkpoint ,  a l t e r e d  r i g i d  format ,  d i agnos t i c  ou tpu t .  

ID GQQIDGUY , NEATDEAL 

/ RESTART B A D G U Y ,  NgSHgW, 05/09/68, 
1 , XVPS, FLAGS=O, REEL=]  , FILE=6 
2 ,  REENTER AT DMAP SEQUENCE NUMBER 7 
3 ,  GPL, FLAGS=O, R E E L = ] ,  FILE=7 

\ $ E N D  0 F  CHECKPgINT DICTIgNARY 

CHKPNT YES 
DIAG 2 ,4  
AP P DISPLACEMENT 
SlbL 3 ,3  
TIME 15 
ALTER 20 
MATPRN K ~ G X , , , , / /  $ 
TABPY GPST,,,,// $ 
EMDALTER 
CEND 
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2.3 CASE CONTROL DECK 

2.3.1 Data Selection* 

The case control cards that  are used for  selecting items from the Bulk Data Deck are l i s ted  

below in functional groups. A detailed description of each card i s  given in Section 2.3.4. The 

f i r s t  four characters of the mnemonic are suff icient  i f  unique. 

The following case control cards are associated with the selec.Lion of applied loads fo r  both 

s t a t i  c and dvnami c anal vsi s : 

DEFflRM - selects  element deformation s e t .  1. - 
2. DLPAD - selects  dynamic loading condition. 

3. DSCflEFFICIENT - selects  loading increments for  s t a t i c  analysis with differential s t i f f -  
ness. 

4. LJWJ - selects  s t a t i c  loading condition. 

5. NPNLINEAR - selects  nonlinear loading condition for  transient response. 

6. PLCflEFFICIENT -- - selects loading increments for  piecewise l inear  analysis. 

The following case control cards are used for  the selection of constraints: 

1. AXISYMMETRIC - selects  boundary conditions for  conical she1 l  elements. 

2. MPC - selects  s e t  of multipoint constraints.  

3, SPC - selects  s e t  of single-point constraints.  

The following case control cards are used for  the selection of direct  input matrices : 

B2PP - selects direct  input damping matrices. 1. - 

K2PP - selects  d i rec t  input s t i f fness  matrices. 2. - 
3. M2PP - selects  direct  input mass matrices. 

4. TFL - selects  t ransfer  functions. 

The following case control cards specify the conditions for dynamic analyses: 

1. CMETHfiD - selects  the conditions for  complex ei genval ue extraction. 

2. FREQUENCY - selects  the frequencies to be used for  frequency and random response calcula- 
t i  ons . 

3. - IC - selects  the i n i t i a l  conditions for  direct  transient response. 

4. METHOD - selects  the conditions for real eigenvalue analysis. 

5. MNDPM - selects  the power spectral densi-by func"cons t o  be used in randoill analysis.  
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6 .  SDAMPING - s e l e c t s  t ab le  to  be used f o r  detern~ination of modal damping. 

7 .  TSTEP - s e l e c t s  time s teps  t o  be used f o r  in tegra t ion i n  t r a n s i e n t  response problems 

The following case control cards a re  associated with the  use of thermal f i e l d s :  

1 .  TEMPERATURE(Lk3AD) - s e l e c t s  thermal f i e l d  to  be used f o r  determining equivalent s t a t i c  
loads. 

2. TEMPERATURE(FIATER1AL) - se lec t s  thermal f i e l d  t o  be used f o r  determining material pro- 
p e r t i e s .  

3. TEMPERATURE - s e l e c t s  thermal f i e l d  f o r  determining both equival.?nt s t a t i c  loads and 
materi a1 properti  e s  . 

2 . 3 . 2  Output Selection 

P r in te r  output requests may be grouped i n  packets following BUTPUT cards or the individual 

requests may be placed anywhere i n  the Case control Deck ahead of any s t r u c t u r e  p l o t t e r  or curve 

p l o t t e r  reques ts .  P l o t t e r  requests are  described in  Section 4. The case control cards t h a t  a re  

used f o r  output se l ec t ion  a r e  l i s t e d  below i n  functional groups. A de ta i l ed  description of each 

card i s  given i n  Section 2.3.4. 

The following cards a r e  associated with output control ,  t i t l i n g  and bulk data  echoes : 

TITLE - defines a t e x t  t o  be pr in ted  on f i r s t  l i n e  of each page of output.  1.  - 

2. SUBTITLE - defines a t e x t  t o  be pr in ted  on second l i n e  of each page of output.  

3 .  LABEL - defines a t e x t  t o  be pr in ted  on t h i r d  l i n e  of each page of output.  

4. LINE - s e t s  t h e  number of data l i n e s  per  printed page, de fau l t  i s  50 f o r  11-inch paper. 

5. MAXLINES - s e t s  the  maximum number of output l i n e s ,  de fau l t  i s  20,000. 

6. Q - s e l e c t s  echo options f o r  Bulk Data Deck, de fau l t  i s  a sor ted  bulk data echo. 

The following cards a re  used in connection with some of the s p e c i f i c  output requests f o r  

ca lcula ted  quan t i t i e s  : 

1.  SET - defines l i s t s  of point  numbers, elements numbers, o r  frequencies f o r  use in output 
requests.  

2. DFREQUENCY - s e l e c t s  a s e t  of frequencies to  be used for output requests in  frequency 
response problems ; defau l t  i s  a l l  frequencies used in the  ca lcula t ions .  

3.  TSTEP - s e l e c t s  a s e t  of time s teps  t o  be used f o r  output requests in t r ans ien t  response 
problems. 
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The following cards are used to  make output requests for the calculated response of com- 

ponents in the SflLUTIBN s e t  (components in the direct  or modal formulation of the general K 

system) for dynam-ics problems: 

1. SACCELERATIBN - requests the acceleration of the independent components for a selected 
se t  of points or modal coordinates. 

2 .  SDISPLACEMENT - requests the displacements of the independent components for a selected 
se t  of points or modal coordinates. 

3. SVELgCITY - requests the velocities of the independent components for a selected s e t  of 
points or  modal coordinates. 

4. NLLBAD - requests the nonlinear loads for  a selected se t  of PHYSICAL points (grid points 
and extra points introduced for  dynamic analysis) in transient response problems. 

The following cards are used to make output requests for  stresses and forces, as well as the 

calculated response of points used in the structural model : 

ELFPRCE - requests the forces in a s e t  of structural elements. 1. - 
STRESS - requests the stresses in a s e t  of structural elements. 2 .  P 

3. SPCFPRCES - requests the single-point forces of constraint a t  a s e t  of points. 

4. flLPAD - selects  a s e t o f  applied loads for output. 

5. ACCELERATIBN - requests the acceleratiorcs for a selected s e t  of PHYSICAL points 
points plus extra poin ts  introduced for  dynamic analysis).  

6. DISPLACEMENT - requests the displacements for  a selected s e t  of PHYSICAL points 

7. VELPCITY - requests the velocities for a selected s e t  of PHYSICAL points, 

(gri d 

8. HARMPNICS - controls the number of harmonics that  wi 11 be output for requests associated 
with the conical shell element. 

2 . 3 . 3  Subcase Definition 

In general, a separate subcase i s  defined for  each loading condition. In s ta t ics  problems 

separate subcases are also defined for each se t  of constraints. In complex eigenvalue analysis 

and frequency response separate subcases are defined for each unique s e t  of direct  input matrices. 

Subcases may be used in connection with output requests, such as in requesting different output 

for each mode in a real eigenvalue problem. 

The Case Control Deck i s  structured so that a minimum amount of repetition i s  required. 

Only one level of subcase definition i s  provided. All i terns placed above the subcase level 

(ahead of the f i r s t  subcase) will be used for al l  following subcases, unless overridden within the 

individual subcase, 
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I n  sr,at ic problems, p r o v i s i o n  has been ~nade f o r  the  combinat ion o f  the  r e s u l t s  o f  severa l  

subcases. Shis i s  convenient  t o r  s t u d y i n g  varbious cotnbi na t ions  o f  i n d i v i d u a l  l o a d i n g  c o n d i t i o n s  

and f o r  the  s u p e r p o s i t i o n  o f  s o l  u t i  orls f o r  symlnetri cal  and a n t i  symnietri c a l  boundar ies.  

T y p i c a l  examples of subcase d e f i n i t i o n  a r e  g i v e n  f o l l o w i n g  a b r i e f  d e s c r i p t i o n  o f  t h e  cards 

used i n  subcase d e f i n i t i o n s .  

The f o l l  owing case c o n t r o l  cards a r e  a s s o c i a t e d  wi t h  subcase d e f i n i t i o n  : 

SUBCASE - de f ines  t h e  beg inn ing  o f  a  subcase t h a t  i s  t e n n i n a t e d  by  t h e  n e x t  subcase 1. - 
d e l  i m i  t e r s  encountered. 

SUBCBM - d e f i n e s  a conib inat ion o f  two o r  more preceeding subcases i n  s t a t i c s  problems. 2. - 
Output requests  above t h e  subcase l e v e l  a r e  used. 

3. SUBSEQ - must appear i n  a suhcase d e f i n e d  by SUBCBM t o  g i v e  the  c o e f f i c i e n t s  f o r  making 
t h e  l i n e a r  combinat ion o f  t h e  preceedi  ng subcases . 

4. - def ines a subcase i n  s t a t i c s  problems f o r  which o n l y  o u t p u t  reques ts  w i t h i n  t h e  
subcase w i l l  be honored. P r i m a r i l y  f o r  use w i t h  symmetry problems where the  i n d i v i d u a l  
p a r t s  o f  t h e  s o l u t i o n  may n o t  be o f  i n t e r e s t .  

SYMCgM - d e f i n e s  a combinat ion o f  two o r  more preceeding SYM subcases i n  s t a t i c  problems. 5.  - 
Output  requests  above the  subcase l e v e l  a r e  used. 

6. SYMSEQ - may appear i n  a subcase d e f i n e d  by SYMCgM t o  g i v e  t h e  c o e f f i c i e n t  f o r  making 
t h e  l i n e a r  combinat ion o f  t h e  preceeding SYM subcases. A d e f a u l t  va lue  o f  1.0 i s  used 
i f  no SYMSEQ c a r d  appears. 

REPCASE - d e f i n e s  a subcase i n  s t a t i c s  problems t h a t  i s  used t o  make a d d i t i o n a l  o u t p u t  7. - 
requests  f o r  t h e  p rev ious  r e a l  suhcase. Ph is  card i s  r e q u i r e d  because m u l t i p l e  o u t p u t  
reques ts  f o r  t h e  same i t e m  a r e  n o t  p e r m i t t e d  i n  t h e  same subcase. 

8. MODES - repea ts  t h e  subcase i n  which i t  appears MPDES t imes f o r  e igenva lue  problems. 
Used t o  r e p e a t  t h e  same o u t p u t  r e q u e s t  f o r  severa l  consecu t i ve  modes. 

The f o l l o w i n g  examples o f  Case Cont ro l  Decks i n d i c a t e  t y p i c a l  ways o f  d e f i n i n g  subcases: 

PUTPUT 
DISPLACEMENT = ALL 

MPC = 3 
SUBCASE 1 

SPC = 2 

SUBCASE 2 
SPC = 2 
DEFQIRM - 52 
LBAD = 12 

SUBCASE 3 
SPC = 4 
LPAD = 12 

SUBCASE 4 
MPC = 4 
SPC = 4 
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Four subcases are  defined in th i s  example. The displacements a t  a l l  grid points will be printed 

for a l l  four subcases. MPC = 3 wl'il be used for  the f i r s t  three subcases and will be overridden 

by MPC = 4 in the l a s t  subcase. Since the constraints are the same for  subcases 1 and 2 and the 

subcases are contiguous, the s t a t i c  solutions will be performed simultaneously. In subcase 1 ,  

thermal load 101 and external load 11 are internally superimposed, as are the external and defor- 

mation loads in subcase 2.  In subcase 4 the s t a t i c  loading will  resu l t  entirely from enforced 

displacements of grid points. 

2. Linear combination of subcases. 

SPC = 2 
0UTPUT 

SET 1 = 1 THRU 10,20,30 
DISPLACEMENT = A L L  
STRESS = 1 

SUBCASE 1 
LPJAD = 101 
BLplAD = ALL  

SUBCASE 2 
LPJAD = 201 
gLgAD = A L L  

SUBCgM 51 
SUBSEQ = 1.0,l.O 

SUBCPJM 52 
SUBSEQ = 2.5,1.5 

Two s t a t i c  loading conditions are defined in subcases 1 and 2. SUBCPJM 51 defines the sum of sub- 

cases 1 and 2. SUBC0M 52 defines a l inear  combination consisting of 2.5 times subcase 1 plus 1.5 

times subcase 2. The displacements a t  a l l  grid points and the s t resses  for  the elements numbers 

in SET will be printed for a l l  four subcases. In addition, the nonzero components of the s t a t i c  

load vectors will be printed fo r  subcases 1 and 2. 

3. Stat ics  problem with one plane of symmetry. 

PJUTPUT 
SET 1 = 1 ,11,21,31 ,51 
SET 2 = 1 THRU 10, 101 THRU 110 
DISPLACEMENT = 1 
ELFQRCE = 2 

SYM 1 
SPC = 11 
LgAD = 21 
PLPAD = ALL  

SYM 2 
SPC = 12 
LPJAD = 22 

SYMC0M 3 
SYMC0M 4 

SYMSEQ 1.0,-1.0 

Two SYM subcases are defined in subcases 1 and 2. SYMCPM 3 defines the sum and SYMCPM 4 the 
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d i f fe rence  of t h e  two SYM subcases. The nonzero components OF t h e  s t a t i c  l o a d  wil l  be p r i i r t e d  

f o r  subcase 9 and no o u t p u t  i s  requested f o r  subcase 2. The d isy lacerr~ents f o r  the g r i d  p o i n t  

n ~ m b e r s  i n  s e t  7 and the f o r c e s  f o r  e l e m e ~ t s  i n  s e t  2 w i l l  be p r i n t e d  f o r  subcases 3 and 4. 

4. Use of REPCASE i n  s t a t i c s  problems. 

SET 1 = 1 TtlRU 10, 101 THRU 110, 201 THRU 290 
SET 2 = 21 THRU 30, 121 THRU 130, 221 THRU 230 
SET 3 = 31 THRU 40, 131 THRU 140, 231 THRU 240 

SUBCASE 1 
LOAD = I 0  
SPC = 11 
DISPLACEMENT = ALL 
SPCF0RCE = 1 
ELFgRCE = 7 

REPCASE 2 
ELFORCE = 2 

REPCASE 3 
ELFORCE = 3 

T h i s  example d e f i n e s  one subcase f o r  s o l u t i o n  and two subcases f o r  o u t p u t  c o n t r o l .  The d i s p l a c e -  

ments a t  a l l  g r i d  p o i n t s  and t h e  nonzero components o f  t h e  s i n g l e - p o i n t  f o r c e s  o f  c o n s t r a i n t  

a1 ong w i t h  f o r c e s  f o r  t h e  elements i n  SET 1 wi  11 be p r i n t e d  f o r  SUBCASE 1. The f o r c e s  f o r  e l e -  

ments i n  SET 2 w i l l  be p r i n t e d  f o r  REPCASE 2 and t h e  f o r c e s  f o r  elements i n  SET 3 w i l l  be p r i n t e d  

f o r  REPCASE 3. 

5 .  Use o f  MODES i n  e igenva lue  problems 

METHOD = 2 
SPC = 10  

SUBCASE 1 
DISPLACEMENT = ALL 
STRESS = ALL 
MgDES = 2 

SUBCASE 2 
DISPLACEMENT = ALL 

I n  t h i s  example t h e  d isp lacements a t  a l l  g r i d  p o i n t s  w i l l  be p r i n t e d  f o r  a l l  modes. The s t resses  

i n  a l l  elernents wi 11 be p r i n t e d  f o r  the  f i r s t  two modes. 

2.3.4 Case C o n t r o l  Card D e s c r i p t i o n s  

The fo rmat  o f  t h e  case c o n t r o l  cards i s  f r e e - f i e l d .  I n  p r e s e n t i n g  genera l  formats f o r  each 

card  ernbodying a l l  o p t i o n s ,  the  f o l l o w i n g  convent ions a r e  used: 

1. Upper-case l e t t e r s  must be punched as shown. 

2.  -- Lower-case l e t t e r s  i n d i c a t e  t h a t  a s u b s t i t u t i o n  niust be marle. 

3. Braces { ) i n d i c a t e  t h a t  a cho ice  o f  con ten ts  i s  mandatory, 
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4. Brackets [ ] contain an option t h a t  may be omitted o r  included by the user. 

5. Under1 ined options or  values a r e  the  defaul t  values. 

6. Physical card consis ts  of information punched i n  columns 1 th ru  72 of a card. Most 
case control  cards a re  l imited t o  a s ingle  physical card. 

7. Logical card may have more than 72 columns with t h e  use of continuation cards.  

The s t ruc tu re  p l o t t e r  output request  packet and the  x-y output request  packet, while p a r t  of 

the Case Control Deck, a r e  t r ea t ed  separa te ly  in  Sections 4.2 and 4.3, respectively.  
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Case Control Data Card - ACCELERATIgN - Acceleration Output Request, 

Description: Requests form and type of accelera t ion vector output.  

Format and Example(s) : 
v - 

PHASE 
ACCELERATIBN = 5 

ACCELERATI@N(S@RTZ, PHASE) = ALL 

ACCELERATI@N(S@RTl, PRINT, PUNCH, PHASE) = 17 

Option Meaning 

SgRT 1 Output wi 11 be presented as a t abu la r  l i s t i n g  of gr id  points f o r  each load,  
frequency, eigenvalue, o r  time, depending on the r i g i d  format. SORT1 i s  not 
avai lable  on Transient  problems (where the  defaul t  i s  SgRT2). 

SBRT2 Output wi 11 be presented as a t abu la r  l i s t i n g  of frequency o r  time f o r  each gr id  
point .  SfiRT2 i s  avai lable  only i n  Transient and Frequency Response problems. 

PRINT The p r in te r  wi l l  be the  output media. 

PUNCH The card punch wi 11 be the output media. 

REAL o r  Requests real and imaginary output on Frequency Response problems. 
I MAG 

PHASE Requests magnitude and phase (0.0" < phase < 360.0") on Frequency Response 
problems. 

ALL Accelerations f o r  a l l  points wi 11 be output.  

Set  iden t i f i ca t ion  of a previously appearing SET card. Only accelera t ions  of 
points whose iden t i f i ca t ion  numbers appear on t h i s  SET card will  be output 
( In teger  z 0 ) .  

NgNE Accelerations f o r  no points wi 11 be output. 

Remarks: 1 .  Both PRINT and PUNCH may be requested. -- 
2. Acceleration output i s  only avai lable  f o r  Transient and Frequency Response problems. 

3. On a Frequency Response problern any request  f o r  SORT2 output causes a l l  o u t p u t t o  
be SgRT2. 

4. ACCELERATIPN = N O N E  allows overriding an overall  output request .  
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Case Control Data Card - AXISYMMETRIC - Conical Shell Boundary Cond-itions. 

Description: Selec ts  boundary conditions f o r  Axi syrnrnetri c She1 i problem, 

Format and Example(s): 

AXISYMMETRIC = { $!:NJ 
AXISYMMETRIC = CDSINE 

Option Meani tig 

SINE Sine boundary conditions wi 11 be used. 

CgSINE Cosine boundary conditions wi 1 I be used 

Remarks: 1.  This card i s  required and used f o r  Conical Shell problems only. 

2 .  See Section 1 .3 .6  of User's Manual f o r  a discussion of the  Conical Shell problem. 
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Case Control Data Card B2Elfl - D i r e c t  Input  Damping Ma t r i x  Select ion.  

Descr ipt ion:  Selects a d i r e c t  i n p u t  damping ma t r i x .  

Format and Example (s ) : 

BZPP = name 

BZPP = BDMIG 

BZPP = BZPP 

Option Meaning 

name BCD name o f  DMIG mat r ix  t h a t  i s  i n p u t  on the Bulk Data Card DMIG. 

Remarks: 1. BZPP i s  used only i n  dynamics problems. 

2. DMIG matr ices w i l l  no t  be used unless selected. 
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Cdse Control Data Card CI4El"H@D - Coinpiex Eigenvalue Extrac"Lio Method Selet..tioil. 

F e ~ c r i p t i  on:  Selec ts  coiflplex eigenvalue ext rac t ion data t o  Le used by module CEAD, 

Forrnat and Example(~) :  

CMETHPD = n 
CMETHgD = 97 

Option PIeani ng 

n Set iden t i f i ca t ion  of EIGC (and EIGP) card ( In teger  > 0 ) .  

Remarks : Ei genval ue ext rac t ion data must be se lec ted  when ext rac t ing complex eigei?val i ies 
using Functional Module CEAD. 
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Case Control Data Card DEFgRM - Element Deformation S ta t ic  load, 

Description: Selects the Element Deformation Set to be applied to  the structural model ; 

Format and Example(s) : 

DEFORM = n 
DEF0RM = 27 

Option Meaning 

n Set identification of DEFORM cards (Integer > 0) .  

Remarks: 1 . DEFORM bulk data cards wi 11 not be used unless selected in the Case Control Deck. 

2. DEFORM i s  only applicable in s t a t i c s ,  iner t ia  r e l i e f ,  different ial  s t i f fness ,  and 
buck1 i ng  problems. 

3. The total  load applied wi 11 be the sum of external,  (LOAD) , thermal (TEMP(LOAD)), 
element deformati on (DEFORM) and constrained displacement loads (SPC). 

4. S ta t ic ,  thermal and element deformation loads should have unique identification 
numbers. 
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Case Control Data Card DISPLACEMENT - Displacement Output Request. 

Descr ip t ion :  Requests form and type o f  displacement vector  output .  

Forma t and Exampl - e (s  ) : - 
DISPLACEMENT S T  PRINT REAL )I = 1 PHASE NgNE 

DISPLACEMENT = 5 

DISPLACEMENT(REAL ) = ALL 

DISPLACEMENT(SORT2, PUNCH, REAL) = ALL 

Option Meani ng 

SORT1 Output wi 11 be presented as a tabu lar  l i s t i n g  o f  g r i d  po in t s  f o r  each load, 
frequency, eigenvalue, o r  time, depending on the r i g i d  format. SORT1 i s  no t  
ava i l ab le  on Transient  problems (where the d e f a u l t  i s  SORT2). 

SORT2 Output w i l l  be presented as a t abu la r  l i s t i n g  o f  frequency o r  t ime f o r  each 
g r i d  po in t .  SORT2 i s  ava i lab le  on ly  i n  Trans ient  and Frequency Response 
problems. 

PRINT The p r i n t e r  wi 11 be the output  media. 

PUNCH The card punch w i  11 be the output  media. 

REAL o r  Requests rea l  and imaginary output  on Complex Eigenvalue o r  Frequency Response 
I MAG problems. 

PHASE Requests magnitude and phase (0.0" < phase < 360.0") on Complex Eigenvalue o r  
Frequency Response problems. 

ALL Displacements f o r  a l l  po in ts  wi 11 be output  

NBNE Displacements f o r  no po in ts  wi 11 be output. 

Set  i d e n t i f i c a t i o n  o f  p rev ious ly  appearing SET card. Only displacements o f  
po in t s  whose i d e n t i f i c a t i o n  numbers appear on t h i s  SET card w i l l  be output  
( I n tege r  > 0). 

Remarks: 1. Both PRINT and PUNCH may be requested. 

2. On a Frequency Response problem any request  f o r  SgRTZ causes a1 1 output  t o  be SORT2. 

3. VECTOR i s  an a l t e rna te  form and i s  e n t i r e l y  equ iva lent  t o  DISPLACEMENT. 

4. DISPLACEMENT = NgNE allows ove r r i d i ng  an o v e r a l l  output  request. 
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CLi5e G ~ i i i r , ~ l  Data Card DL;IAD - Cynan~ic Load Set Selectjon.  

Descrijtiiiln: Selects the dynamic load t o  be applied in  a Transient  o r  Frequency Response problew. -- -- 

Option Meaning 

Set iden t i f i ca t ion  of a DLflAD, RLgAD1, RLgAD2, TLgADl, o r  TLgAD2 card 
( In tege r  > 0 ) .  

Remarks: 1 .  The above loads wi l l  not be used by NASTRAN unless se lec ted  in Case Control. 

2 .  RLBADl and RLflAD2 may only be se lec ted  in a Frequency Response problem. 

3. TLDAD1 and TL0AD2 may only be se lec ted  in  a Transient  Response problem. 
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Case Cont ro l  Data Card DSCgEFFICIENT - D i f f e r e n t i a l  S t i f f n e s s  C o e f f i c i e n t  Set.  

D e s c r i p t i o n :  Se lec ts  t h e  c o e f f i c i e n t  s e t  f o r  a D i f f e r e n t i a l  S t i f f n e s s  problem. 

Format and Example (s ) : 

DSCgEFFICIENT = 

DSCgEF = 15 

DSC0EF = DEFAULT 

Opt ion  Meaning 

DEFAULT A s i n g l e  d e f a u l t  c o e f f i c i e n t  o f  va lue  1.0. 

n Set i d e n t i f i c a t i o n  o f  DSFACT c a r d  ( I n t e g e r  > 0).  

Remarks: 1. DSFACT cards w i l l  n o t  be used un less  se lec ted .  

2. DSCgEFFICIENT must appear i n  t h e  2nd Subcase o f  a d i f f e r e n t i a l  s t i f f n e s s  problem. 
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Case Cont r~ l  Data Card - B d l k  Data irciio Request 

Description: Requests echs of b u l k  d a i a  deck, -- - 

Forrna t and Exampl e (s  ): 

ECHO = BOTH 

ECHP = SgRT, UNSORT 

Option -- M e a m  

SgRT Sorted echo w i l l  be printed. 

UNSgRT Unsorted echo wi l l be printed. 

BOTH Botti sorted and unsorted echo will be printed. 

NgNE No echo wi l l  be printed. 

Remarks: 1. I f  no ECHg card appears a sorted echo will be printed. -- 

2 .  I f  CHKPNT = YES a sorted echo w i l l  be printed unless ECHO = NPNE. 
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Case Contr r i l  Data Card FL.aRCC - Llen,c?nt Force Outpu i  Reqursc, 

D s c r i  p t i o n :  Requests form and type o f  elenier?t f o r c e  o u t p u t .  

F o r m a m 1  e ( s b  -- 

PRIDT REAL ALL 
ELFgRCE - 

PUXrnj TfiXG- 
- rl 

PHASE ( N @ N E  

ELFBRCE = ALL 

ELFpRCE(REAL, PUIICH, PRIKT J = I I 

ELFORCE = 25 

Opt ion  Neani ng 

SpRTl Output  w i l l  be presented as a t a b u l a r  l i s t i n y  o f  elements f o r  each load,  
f requency,  e igenvalue,  o r  t ime ,  depending on t h e  r i g i d  fo rmat .  SORT1 i s  n o t  
a v a i l a b l e  on T r a n s i e n t  problems (where t h e  d e f a u l t  i s  SpRT2). 

SgRT2 Output  w i l l  be presented as a t a b u l a r  l i s t i n g  o f  f requency o r  t ime  f o r  each 
element tjype. SpRT2 i s  a v a i l a b l e  o n l y  i n  T r a n s i e n t  and Frequency Response 
prob7ems. 

PRINT The p r i n t e r  w i l l  be t h e  o u t p u t  media. 

P UF4 CH The card  punch w i l l  be t i l e  o u t p u t  inedia. 

REAL o r  Requests r e a l  and imaginary o u t p u t  on Complex Eigenval  ue o r  Frequency Response 
I M A G  -, problems. 

PHASE Requests snagnitude and phase (0.0" < phase < 360.0") on Complex Eigenvalue o r  
Frequency Response problems. 

ALL Forces f o r  a l l  elements wi 11 be o u t p u t .  

NgNE Forces f o r  no elements w i  11 be ou tpu t ,  

Set i d e n t i f i c a t i o n  o f  a p r e v i o u s l y  appear ing SET card.  Only f o r c e s  o f  elements 
whose i d e n t i f i c a t i o n  numbers appear on t h i s  SET c a r d  w i l l  be o u t p u t  ( I n t e g e r  > 0 ) .  

Remarks: 1 .  80th PRINT and PUNCH rnay be requested.  

2 .  ALL cannot be used i n  a T r a n s i e n t  problem. 

3. On Frequency Response problems any reques t  f o r  SORT2 o u t p u t  causes a l l  o u t p u t  t o  be 
SpRT2. 

4. FORCE i s  an a l t e r n a t e  form and i s  e n t i r e l y  e q u i v a l e n t  t o  ELFgRCE. 

5 .  ELFPRCE = NPNE a1 lows o v e r r i d i n g  an o v e r a l l  reques t .  



NASTRAN DATA DECK 

Case Coritrol Data Card ELSTRESS - Element St ress  Output Request. 

Description: Requests form and type of element s t r e s s  output.  

RT1 PRINT REAL ELSTRESS 

ELSTRESS = 5 

ELSTRESS = A L L  

ELSTRESS (SORT1 , PRINT, PUNCH, PI-IASE) = 15 

Option Meaning 

Output will  be presented as a t abu la r  l i s t i n g  of elements f o r  each load,  
frequency, eigenvalue,  o r  time, depending on the  r i g i d  format. SORT1 i s  not 
avai lable  on Transient  problems (where the  de fau l t  i s  SORTP). 

SORT2 Output wi 11 be presented as a t abu la r  l i s t i n g  of frequency o r  time f o r  each 
element type. SORT2 i s  available only in Transient  and Frequency Response 
problems. 

PRINT The p r in te r  wi l l  be the  output media. 

PUNCH The card punch wi 11 be the output media. 

REAL o r  Requests rea l  and imaginary pr in tout  on Complex Eigenvalue o r  Frequency Response 
IMAG problems. 

PHASE Requests magnitude and phase (0.0" < phase < 360.0") on Complex Eigenvalue o r  
Frequency Response problems. 

ALL S t resses  f o r  a l l  elements will  be output. 

Set  iden t i f i ca t ion  of a previously appearing SET card ( In teger  > 0 ) .  Only 
s t r e s s e s  f o r  elements whose iden t i f i ca t ion  numbers appear on t h i s  SET card wi 11 
be output.  

NONE S t ress  f o r  no elements will  be output. 

Remarks: 1 .  Both PRINT and PUNCH may be requested. 

2. A L L  cannot be used in  a Transient  problem. 

3. On a Frequency Response problem any request  f o r  SORT2 output causes a l l  output to  
be SORT2. 

4. STRESS i s  an a l t e r n a t e  form and i s  e n t i r e l y  equivalent to ELSTRESS. 

5. ELSTRESS = NONE allows overriding an overall  output request .  



CASE CONTROL DECK 

Case Control Data Card FPRCE - Element borce Output Request. 

Description: Requests form and type of element force output.  

Format and Exampl e M :  

SORT1 PRINT REAL 

PHASE 

FORCE = ALL 

F O R C E ~ R E A L ,  P U N C H ,  PRINT) = 17 

FBRCE = 25 

Option 

SPRTl 

SORT2 

PRINT 

PUNCH 

REAL o r  
I MAG 

PHASE 

ALL 

Meaning 

Output wi l l  be presented as a t abu la r  l i s t i n g  of elements f o r  each load,  
frequency, eigenvalue, o r  time, depending on the  r i g i d  format. SPRT1 i s  11ot 
avai lable  on Transient  problems (where the  defaul t  i s  SgRT2). 

Output will  be presented as a tabular  l i s t i n g  of frequency o r  time f o r  each 
element type. SPRT2 i s  avai lable  only 'in Transient  and Frequency Response 
pro b 1 ems . 
The p r in te r  wi l l  be the  output media. 

The card punch wi 11 be the output media. 

Requests real  and l'magi nary pr in tout  on Complex Eigenval ue or Frequency Response 
problems. 

Requests magnitude and phase (0.0" i phase < 360.0") on Complex Eigenvalue or 
Frequency Response problems. 

Forces f o r  ALL elements wi l l  be output.  

n Set  iden t i f i ca t ion  of a previously appearing SET card. Only forces whose element 
iden t i f i ca t ion  numbers appear on t h i s  SET card will  be output ( In teger  > O), 

NONE Forces f o r  no elements will  be output.  

Remarks: 1 .  Both PRINT and PUNCH may be requested. 

2. ALL cannot be used in a Transient problem. 

3. On Frequency Response problems any request  f o r  SORT2 output causes a l l  output  t o  be 
SBRT2. 

4. ELFBRCE i s  an a l t e rna te  form and i s  e n t i r e l y  equivalent t o  FgRCE. 

5. FORCE = NONE allows overriding an overall  request .  



NASTRAN DATA D E C K  

Case Control Data Card FREQUENCY - Frequency Set Selection 

Description: Selec ts  the  s e t  of frequencies t o  be solved in  Frequency Response problems. 

Format and Example(s): 

FREQUENCY = n 
FREQUENCY = 17 

Opti on Meaning 

n Set  iden t i f i ca t ion  of a FREQ, FREQl o r  FREQ2 type card ( In teger  > 0) .  

Remarks: 1 .  The FREQ, FREQl o r  FREQ2 cards w i  11 not be used unless se lec ted  in  Case Control. 

2. A frequency s e t  s e l ec t ion  i s  required f o r  a Frequency Response problem. 



CASE CONTROL DECK 

Case Control Data Card HARMONICS - Harmonic Printout Control. 

Description: Controls number of harmonics o~!tput in axisymmetric shel l  problems. 

Format and Example ( s )  : 

A R C  = {& 
Option Meaning 

ALL A1 1 Harmonics wi l l  be output. 

NgNE No Harmonics wi 11 be output. 

n The f i r s t  n t l  Harmonics will  be output (Integer > 0) .  

Remarks: If  no HARMgNICS card appears in Case Control, no harmonic output will  be pr inted.  



NASTRAFI DATA D E C K  

!:ase C O I I ~ ? - O ~  Data  Card - Transient l n i t i a l  Condit-ion Set Selection.  

I - F A  --- d 
70 s e l e c t  -tile i t ; i  i , i a i  c o n d i i i o n s  f o r  Dr iec t  Transient pm;obiei~is, 

Format and ~ ~ d l l l @ c i ( ~  - j : 

!WE- Meaning 

n Set iden t i f i ca t ion  of TIC card ( In teger  > 0 ) .  

Remarks: 1 .  PIC cards wi l l  n o t  be used (hence no i n i t i a l  condit ions) unless se lec ted  in Case 
Control . 

2 .  J n i t i  a1 conditions are not a1 lowed i n  a Modal Transient problem. 



CASE CONTROL DECK 

Case Control Data Card &PJ - Direct Input Stiffness Matrix Selection. 

Description: Selects a direct  input s t i f fness  matrix. 

Format and Example (s  ) : 

K2PP = name 
K2PP = KDMIG 
KZPP = KZPP 

Option Meaning 

name BCD name of a DMIG matrix tha t  i s  input on the bulk data card DMIG. 

Remarks: 1. K2PP i s  used only in dynamics problems. 

2. DMIG matrices will not be used unless selected. 



NASTRAN DATA DECK 

Case Control Data Caro L A B E L  - Output Label. 

Description: Defines a B C D  labei  which w i  1 1  appear on the th i rd  heading l i n e  of each page of 
NASTRAN pr in te r  output. 

Format and Example(s): 

LABEL = C Any BC D data 1 
LABEL = STEVEN E .  WALL'S PRBBLEM 

Remarks: 1 .  LABEL appearing a t  t h e  subcase level will  label  output f o r  t h a t  subcase only. 

2 .  LABEL appearing before a l l  subcases will  label  any outputs which a r e  not subcase 
dependent. 

3. I f  ilo LABEL card i s  supplied,  the label l i n e  will  be blank. 

4 ,  LABEL information i s  a l so  placed on NASTRAN p l o t t e r  output as applicable.  



CASE CONTROL DECK 

Case Control Data Card im - Data Lines Per Page. 

Description: Defines the  number of data l i n e s  per printed page. 

Format and Exampl e ( s )  : 

LINE = {F) 
LINE = 35 

Option Meaning 

n Number of data l i n e s  per page ( In teger  > 0) .  

Remarks: 1 .  I f  no LINE card appears, 50 is  used 

2. For 11 inch paper, 50 i s  recommended; f o r  8-112 inch paper, 35 i s  recommended. 



NASTRAN DATA DECK 

Case Control Data Card LJAD- - External S ta t ic  Load Set Selection. 

Description: Selects the external s t a t i c  load s e t  to  be applied to  the structural model. 

Format and Example ( s )  : 

LBAD = n 
LBAD = 15 

Option Meani ng 

Set identification of a t  l eas t  one external load card and hence must appear on a t  
l eas t  one FBRCE, FBRCE1, FBRCE2, MOMENT, MOMENT1 , MBMENTP, G R A V ,  PLOAD, PLOAD2, 
RFgRCE, PRESAX, FBRCEAX, MBMAX, SLOAD, o r  LBAD card (Integer > 0) .  

Remarks: 1 .  The above s t a t i c  load cards will not be used by NASTRAN unless selected in Case 
Control. 

2 .  A GRAV card cannot have the same se t  identification number as any of the other 
loading card types. I f  i t  i s  desired to apply a gravity load along with other s t a t i c  
loads, a LBAD bulk data card must be used. 

3. LOAD i s  only applicable in s t a t i c s ,  iner t ia  r e l i e f ,  different ial  s t i f fness ,  buckling, 
and piecewise l inear  problems. 

4. The total load applied wi 11 be the sum of external (LBAD) , thermal (TEMP(LBAD)), 
element deformation (DEFBRM) and constrained displacement (SPC) Loads. 

5. S ta t ic ,  thermal and element deformation loads should have unique s e t  identification 
numbers. 



CASE C O K i R O C  DECK 

Case Control Data Card zpf3. - Di uect input Mass Matrix Selec t ion.  

3escriotiori .  Selec ts  a d i r e c t  input mass m a t r i x .  
..--LL--~ 

MZPP = name 

M2PP = MDMIG 

M2PP =. M2PP 

Option -A Meaning 

name BCD nanie o f  a WIG matrix t h a t  i s  input on the bulk data card DMIG. 

Remarks: 1 .  M2PP i s  supported only in dynami cs problems. -- 

2 .  DMIG matrices will  not be used unless se l ec ted ,  



NASTRAN DATA DECK 

Case Control Data C5rd MAXLINES - Maximum Number of Output Lines. 

Desc-i.iption: Sets the iiwxlmum number of output. 1 i nes to a given value. 

Format and Example (s  ) : 

MAXLINES = 1- 1 
MAXLINES = 50000 

Option Meaning 

n Maximum number o f  output lines which the user wishes to  allow (Integer > 0). 

Remarks : 
1. Any time this  number i s  exceeded, NASTRAN will terminate t h r u  PEXIT. 

2. This does not override any system MAXLINES parameters such as those on JPB cards or 
space requests. 



CASE CONTROL DECK 

Case Control Data Card METHgD - Real Eigenvalue Extraction Method Selection. 

Description: Selects the Real Eigenvalue Parameters t n  be used by the READ module. 

Format and Example(s) : 

METHgD = n 
METHgD = 33 

Option Meaning 

Set identification number of an EIGR card (normal modes o r  modal formulation) o r  
an EIGB card (buckling). (Integer > 0 )  

Remarks : An eigenval ue extraction method must be selected when extracting real eigenval ues 
usi ng Functional Module READ. 



MASTRAN DATA DECK 

Case Control Data Card M!JDES - Duplicate Case Control. 

Description: Repeats case control MgDES times - to allow control o f  oiitput {iii elyerivalue 
problems. 

Format and w: 
MBDES = n 

M0DES = 1 

Option Ifleaning 

n Number of times to duplicate case control. (Integer > 0 ) .  

Remarks: 1. This card can be i l lus t ra ted  by an example. Suppose s t ress  output i s  desired for  the 
f i r s t  five modes only and Displacements only thereafter.  The following example would 
accomplish th i s  : 

SUBCASE 1 
MgDES = 5 
gUTPUT 
STRESS = ALL 
SUBCASE 6 
BUTPUT 
DISPLACEMENTS = ALL 
BEGIN BULK 

2. The MflDES card causes the results for  each eigenvalue t o  be considered as a separate, 
successively numbered subcase, beginning with the subcase number containing the MgDES 
card. 

3 .  If the MgDES card i s  not used, eigenvalue results are considered to  be a part of a 
single subcase. Hence, any output requests for the single subcase will apply for  
a l l  eigenvalues. 



CASE CONTROL DECK 

Case Control Data Card MPC - Mu1 t i  point Constraint  Set  Selection.  

Description: Selec ts  the  multipoint  const ra in t  s e t  to be applied to  the s t ruc tu ra l  model. 

Format and Example(s) : 

MPC = n 
MPC = 17 

Option Meaning 

"n" i s  the  s e t  i den t i f i ca t ion  of a Multipoint-Constraint Set  and hence must 
appear on a t  l e a s t  one MPC o r  MPCADD card. ( In teger  > 0 ) .  

Remarks: MPC o r  MPCADD cards will  not be used by NASTRAN unless se lec ted  in Case Control. 
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CASE CONTROL. DECK 

Case Control Data Card NpjNLZNEAR - Nonlinear Load Set Se'lec'tion. 

-: Selects  nonlinear load for  t r ans ien t  problems. 

Format adExamp1 e ( s  ) : 

NgNLINEAR = n 

NgNLINEAR L0AD SET = 75 

Option Meaning 

n Set iden t i f i ca t ion  of NgLINi cards ( In teger  > 0 ) .  

Remarks: Nfl1.INi cards will  not be used unless se lec ted  in Case Control. 



NASTRAN DATA D E C K  

Case Control Data Card @FREOUENCY - Output Frequency Set. 

Description: Selects from the solution s e t  of frequencies a subset for  output requests. 

Format and Example (s  ) : 

@FREQUENCY = ALL 

@FREQUENCY SET = 15 

Option Meaning 

ALL Output for  a l l  frequencies will be printed out. 

Set ident i f icat ion of previously appearing SET card. (Integer > 0). Output for  
frequencies closest to  those given on t h ~ s  SET card w1 I1  oe output. 

Remarks: @FREQUENCY i s  defaulted t o  ALL i f  i t  i s  not supplied. 



CASE CONTROL DECK 

Case Control Data Card OLBAD - Applied Load Output Request 

Description: Requests form and type of applied load vector output.  

Fomiat and Example ( s  ) : 

@LOAD 
S0RT1 PRINT REAL 
SP)RT2' PUNCH' 

PHASE N@NE 

@LOAD = ALL 

@L@AD(S@RTl, PHASE) = 5 

Option Meaning 

SORT1 Output wi l l  be presented as a t abu la r  l i s t i n g  of gr id  points f o r  each load,  
frequency, eigenvalue, o r  time, depending on the  r i g i d  format. SORT1 i s  not 
avai lable  on Transient  problems (where the de fau l t  i s  SBRTZ). 

SpRT2 Output wi l l  be presented as a t abu la r  l i s t i n g  of frequency o r  time f o r  each 
g r id  point .  S@RT2 I s  avai lable  only in  Transient  and Frequency Response 
problems. 

PRINT The p r i n t e r  wi 11 be the  output media. 

PUNCH The card punch wi 11 be the output media. 

REAL o r  Requests real  and irnagi nary output on Complex E i  genval ue o r  Frequency Response 
I MAG problems. 

PHASE Requests magnitude and phase (0.0" < phase < 360 .O0) on Complex Eigenvalue o r  
Frequency Response problems. 

ALL Applied loads f o r  a l l  points wi l l  be output.  (SORT1 wi l l  only output nonzero 
val ues ) . 

N$!J NE Applied loads f o r  no points w i  11 be output.  

Set  iden t i f i ca t ion  of previously appearing SET card.  Only loads on points  
whose iden t i f i ca t ion  numbers appear on t h i s  SET card wi 11 be output ( In teger  > 0 ) .  

Remarks: 1 .  Both PRINT and P U N C H  may be requested. 

2. On a Frequency Response problem any request  f o r  SBRTZ causes a l l  output to  be SORT2. 

3 .  In a S t a t i c s  problem a request  f o r  SORT2 causes loads a t  a l l  points (zero and non- 
zero) t o  be output.  

4. OL@AD = N@NE allows overriding an overall  output request .  



NASTRAN DATA D E C K  

Case Control Data Card BUTPUT - Output Packet Delimiter. 

Description: Delimits the various output packets, structure p lo t te r ,  curve p lo t te r ,  and 
printerlpunch. 

Format and Example (s  ) : 

XY PLPT 

OUTPUT 

OUTPUT (PLOT) 

OUTPUT (XYOUT) 

Option Meaning 

No qual i f ier  Beginning of printer output packet - this i s  not a required card. 

Beginning of structure p lo t te r  packet. This card must preceed a l l  s t ructure 
plot ter  control cards. 

XYBUT or Beginning of curve plot ter  packet. This card must precede a l l  curve p lo t te r  
XYPLOT control cards. XYPLOT and XYPUT are ent i rely equivalent. 

Remarks : 
1. The structure p lo t te r  packet and the curve plot ter  packet must be a t  the end of the 

Case Control Deck. Either may come f i r s t .  

2. The delimiting of a printer packet i s  completely optional. 



CASE CONTROL DECK 

Case Control Data Card PLCPEFFICIENT - Piecewise Linear Coefficient Set. 

Description: Selects the coefficient s e t  fo r  Piecewise Linear problems. 

Format and Example(s): 

PLCPEFFICIENT = (DEFtULTI 
PLCPEFFICIENT = DEFAULT 

PLCflEFFICIENT = 25 

Option Meaning 

DEFAULT A single default coefficient of value 1 . O .  

n Set identification of PLFACT card (Integer > 0 ) .  

Remarks: PLFACT cards will not be used unless selected. 



NASTRAM DATA BECK 

Case Cont ro l  Data Card PLaTID - P l o t t e r  I d e n t i f i c a l i o n ,  

D e s c r i p t i o n :  Def ines BCD i d e n t i f i c a t i o n  whl'ch w i l l  appear an t h e  f i r s t  frame o f  any 
NASTRAN p i o t t e r  o u t p u t ,  

Format and Example ( s )  : 

PLgTID = C Any BCD da ta  1 
PLgTID = MSC - BLDG. 125 B@X 91 - - RETURN TfJ MACNEAL-SCHWENDLER C@RP 

Remarks : 1 . PL@TID must appear b e f o r e  t h e  $?IUTPUT(PLfJT) o r  @UTPUT(XY@UT) cards.  

2. The presence o f  PLgTID causes a s p e c i a l  header frame t o  be p l o t t e d  w i t h  t h e  s u p p l i e d  
i d e n t i f i c a t i o n  p l o t t e d  severa l  t imes. Th is  a1 lows easy i d e n t i f i c a t i o n  o f  NASTRAN 
p l o t t e r  o u t p u t .  

3. If no PL0T1D c a r d  appears, no I D  frame w i l l  be p l o t t e d .  

4. The PLPTID header frame w i l l  @ be generated f o r  t h e  t a b l e  p l o t t e r s .  



CASE CONTROL DECK 

Case Control Data Card RANDbM - Random Analysis Set Select ion.  

Descr ipt ion:  Selects the  RANDPS and RANDTi cards t o  be used i n  Random Analysis. 

Format and Example (s ) : 

Opti on Meaning 

n Set i d e n t i f i c a t i o n  of RANDPS and RANDTi cards t o  be used i n  RANDPM ana lys is  
( I n tege r  > 0) .  

Remarks: RANDPS cards must be selected t o  do Random Analysis.  



NASTRAN DATA DECK 

Case Cont ro l  Data Card REPCASE - Repeat Case Subcase D e l i m i t e r .  

D e s c r i p t i o n :  D e l i m i t s  and i d e n t i f i e s  a repeated subcase, 

Format and Example ( s )  : 

REPCASE n 

REPCASE 137 

Opt ion Meaning 

n Subcase number ( I n t e g e r  > 1 ) .  

Remarks: 1. "nu must be s t r i c t l y  i n c r e a s i n g  ( i . e .  g r e a t e r  than a l l  p rev ious  subcase s e t  i d e n t i -  
f i  c a t i o n  numbers) . 

2. T h i s  case w i l l  o n l y  r e - o u t p u t  t h e  p rev ious  r e a l  case. Th is  a l lows  a d d i t i o n a l  s e t  
speci  f i  c a t i  on. 

3. REPCASE may o n l y  be used i n  S t a t i c s  o r  I n e r t i a  R e l i e f .  

4. One o r  more repeated subcases (REPCASEs) must immediate ly  f o l l o w  t h e  subcase 
(SUBCASE) t o  which t h e y  r e f e r .  (See example 4 i n  Sec t ion  2.3.3). 



CASE CONTROL DECK 

Case Control Data Card SACCELERATIBN - Solution Set  Acceleration Output Request 

Description: Requests form and type of solut ion s e t  accelera t ion output. 

Format and Exampl e ( s  ) : 

[(S~RTI PRINT A ,I= rf 1 
SACCELERATIBN PUNCHY IMAG 

PHASE NPNE 

SACCELERATIgN = ALL 

SAGCELERATI@N(PUNCH, IMAG) = 142 

Option Meaning 

SPRTl Output wi l l  be presented as a t abu la r  l i s t i n g  of gr id  points f o r  each load,  
frequency, eigenvalue, o r  time, depending on the  r i g i d  format. SBRT1 i s  not 
avai lable  on Transient  problems (where the de fau l t  i s  SBRT2). 

S0RT2 Output wi l l  be presented as a t abu la r  l i s t i n g  of frequency o r  time f o r  each 
g r i d  point  (o r  mode number). Sj3RT2 i s  avai lable  only in  Transient  and Frequency 
Response problems. 

PRINT The p r i n t e r  will  be the  output media. 

PUNCH The card punch will  be the output media. 

REAL o r  Requests rea l  and imaginary output on Frequency Response problems. 
IMAG 

PHASE Requests magnitude and phase (0.0' < phase < 360.0") on Frequency Response 
problems. 

ALL Acceleration f o r  a l l  so lu t ion points (modes) wi l l  be output. 

NgNE Acceleration f o r  no solut ion points (modes) wi l l  be output. 

Set  iden t i f i ca t ion  of a previously appearing SET card. Only accelera t ions  of 
points whose iden t i f i ca t ion  numbers appear on t h i s  SET card will  be output 
( In teger  > 0)  

Remarks: 1.  Both PRINT and PUNCH may be requested. 

2. Acceleration output i s  only avai lable  f o r  Transient  and Frequency Response problems 

3 .  On a Frequency Response problem any request  f o r  SPRT2 output causes a l l  output t o  
be SBRT2. 

4. SACCELERATIBN = NONE allows overriding an overall  output request .  
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Case Control Data Card SDAMPING - Structura l  Damping. 

Description: Selec ts  t ab le  which defines damping as a function of frequency in  Modal Formulation 
problems. 

Format and Example ( s )  : 

SDAMPING = n 
SDAMPING = 77 

Option Meaning 

n Set  iden t i f i ca t ion  of a TABDMPl t ab le  ( In teger  > 0) .  

Remarks: I f  SDAMPING i s  not used BHH = [O] . 
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Cdse Control Data Card --- SDISPLACEPIENT - Solution Set Disp laceinent Output. Request. 

Description: Requests f o m  and type 0.f sol utiorr s e t  displacement output. 

Format and Exampl e (s): 

SORT1 PRINT REAL ALL 
SDISPLACEblENT m. fll'~ )1 = n 

PHASE NONE 

SDISPLACEMENT = A L L  
sDISPLACEMENT(SgRT2, PUNCH, PHASE) = NgNE 

Option Meanix  

SO RT l Output wi l l  be presented as a tabular  I f  s t ing  of grid points f o r  each load,  
frequency, eigenvalue, or  time, depending on the r i g i d  format. SPRTl i s  not 
avai lable  on Transient problems (where the de fau l t  i s  SpRT2). 

PRINT 

P U N C H  

REAL or  
IMAG 

PHASE 

A L L  

NPNE 

r l  

Output wi l l  be presented as a t abu la r  l i s t i n g  of frequency o r  t ime  f o r  each 
g r i d  point  ( o r  mode number). SpRT2 i s  avai Jable only in Transient and Frequency 
Response proble~ns . 
The p r i n t e r  wi 1 l be the output media. 

The card punch wi l l  be the output media. 

Requests real  and imaginary output on Complex Eigenvalue o r  Frequency Response 
problems. 

Requests magnitude and phase (0.0" < phase < 360.0") on Complex Eigenvalue o r  
Frequency Response problems. 

Displacements f o r  a1 l points (modes ) wi 11 be output.  

Displacements f o r  no points (modes) will  be output.  

Set  iden t i f i ca t ion  of previously appearl'ng SET card. Only displace~nents 05 
points whose iden t i f i ca t ion  numbers appear on t h i s  SET card wi l l  be output 
( In tege r  > 0 ) .  

1. Both PRINT and PUNCH may be requested. 

2. On a Frequency Response problem any request  f o r  SfiRT2 causes al'l output t o  be SgRT2, 

3. SVECTOR i s  an a l t e rna te  forni which i s  e n t i r e l y  equivalent to  SDISPLACEMEMT. 

4. SDISPLACEMENT = NgNE a1 lows overriding an oveual'l output request .  
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Case Control Data Card SET - Set Defi ni Lion Card. 

Description: 1 ) Lists identi  i i  cation numbers (point o r  element) f o r  output requests.  
2 )  Lists the frequencies fo r  which outpvt wi 11 be printed in Frequency Response 

Problems. 

Format and Example ( s  ) : 

1)  SET n = { i l [ , i 2 ,  i3THRU i 4  EXCEPT i 5 ,  i s ,  i 7 ,  ig THRU ig]  1 
SET 77 = 5 

SET 88 = 5, 6 ,  7, 8,  9,  10 THRU 55 EXCEPT 15, 1 6 ,  77, 
78, 79, 100 THRU 300 

SET 99 = 1 THRU 100000 

SET 101 = 1.0,  2.0, 3.0 

SET 105 = 1.009, 10.2, 13.4, 
14.0, 15.0 

Option Meani nq 

S e t  iden t i f i ca t ion  ( Integer  > 0 ) .  Any s e t  may be redefined by reassigning i t s  
ident i f icat ion number. Sets inside SUBCASE delimi t e r s  are local t o  the SUBCASE. 

i l  , i 2  e t c .  Element o r  point ident i f icat ion number a t  which output i s  requested. (Integer > 0 )  
I f  no such ident i f icat ion number e x i s t s ,  the request i s  ignored. 

i 3  THRU i 4  Output a t  s e t  ident i f icat ion numbers i 3  t h r u  i 4  ( i 4  > i3 ) .  

EXCEPT Set iden t i f i ca t ion  numbers following EXCEPT wi 11 be deleted from output l i s t  as 
long as they a re  in the range of the s e t  defined by the immediately preceding 
THRU. 

rl , r2 e tc .  Frequencies f o r  output (Real > O,O), The nearest  solution frequency wi 11 be out- 
put. EXCEPT and THRU cannot be used. 

Remarks: A SET card may be more than one physical card. A comma (,) a t  the end of a physical 
card s ign i f i e s  a continuation card. Commas may not end a s e t .  
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Case Control Data Card - Single-Point Constraint Set Selection. 

Description : Selects the single-point constraint s e t  t o  be applied to  the structural model. 

Format and Example ( s )  : 

SPC = n 
SPC = 10 

Option Meaning 

Set identification of a single-point constraint s e t  and hence must appear on a 
SPC, SPCl o r  SPCADD card (Integer 5 0). 

Remarks: SPC, SPCl or  SPCADD cards wi 11 not be used by NASTRAN unless selected in Case Control . 
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Cdse Control Data Card SPCFBRCES- - Sinqle-Poini; Forces of Constraint  Output Request, 

D e s c u i w :  Requests form and type of Single-Point Force of cons t r a in t  vector output.  

Format and Exani l&l: --- 

SPCF$WCES 
S0RT1 PRINT REAL 
SgRT2' f (- PHASE 

SFCFgRCES - 5 

SPCFflRCES(SflRT2, PUNCH,  PRINT, IMAG) = ALL 

SPCF~RCES(PHASE) = NPNE 

Option Meaning 

sgn'rl Output w i  11 be presented as a tabular  l i s t i n g  of gr id  points f o r  each load, 
frequency, eigenvalue, o r  time, depending on the  r ig id  format. SPRTl i s  not 
avai lable  on Transient problems (where the defaul t  i s  SflRT2). 

SflRT2 Output wi l l  be presented as a tabular  l i s t i n g  of frequency o r  time f o r  each 
gr id  point .  SflRT2 i s  avai lable  only in  Transient  and Frequency 
Response problems. 

PRIiill The p r in te r  wi l l  be the output media. 

P IJN CH The card punch will  be the output media. 

REAL o r  Requests real  and imaginary output on Complex Eigenvalue o r  Frequency Response 
I MAG problems. 

PI; ASE Requests magnitude and phase (0.0' < phase < 360.0") on Complex Eigenvalue or  
Frequency Response problems. 

ALL Single-Point  forces of const ra in t  f o r  a l l  points will  be output.  (SBRT1 wi 11 
only output nonzero values . ) 

N@NE Single point forces of cons t r a in t  f o r  no points will  be output. 

Set  iden t i f i ca t ion  of previously appearing SET card. Only single-point  forces 
const ra in t  f o r  points whose iden t i f i ca t ion  numbers appear on t h i s  SET card wi 11 
be output ( In teger  > 0 ) .  

Remarks: 1. Both PRINT and PUNCH may be requested. 

2. On a Frequency Response problem any request  f o r  SgRT2 causes a1 1 output to  be SgRT2. 

3.  1i1 a S t a t i c s  problem a request f o r  SBRT2 causes loads a t  a l l  points (zero and non- 
zero) t o  be output.  

4. SPCFPRCES = N0NE allows overriding an overall  output request  
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Case Control Data Card STRESS - Element St ress  Output Request. 

Description: Requests f o m  and type of element s t r e s s  output.  

Format and Example(s) : 

S T  PRINT E L  

= ] PHASE NONE 

STRESS = 5 

STRESS = ALL 

STRESS(SORT1, PRINT, PUNCH, PHASE) = 15 

Option Meaning 

SpRTl Output wi l l  be presented as a t abu la r  l i s t i n g  of elements f o r  each load,  
frequency, eigenvalue, o r  time, depending on the  r i g i d  tormat. SORT1 i s  not 
avai lable  on Transient  problems (where the  de fau l t  i s  SflRT2). 

SPRT2 Output wi l l  be presented as a t abu la r  l i s t i n g  of frequency o r  time f o r  each 
element type. SORT2 i s  avai lable  only in  Transient  and Frequency Response 
problems. 

PRINT The p r i n t e r  wi l l  be the  output media. 

P U N C H  The card punch will  be the output media. 

REAL o r  Requests real  and imaginary pr in tout  on Complex Eigenvalue o r  Frequency Response 
I MAG problems. 

PHASE 

ALL 

n 

Requests magnitude and phase (0.0" < phase < 360.0") on Complex Eigenvalue o r  
Frequency Response problems. 

St resses  f o r  a l l  elements wi l l  be output.  

Set  identific@n of a previously appearing SET card ( In teger  > 0 ) .  Only 
s t r e s s e s  f o r  elements whose iden t i f i ca t ion  numbers appear on t h i s  SET card wi l l  
be output.  

S t resses  f o r  no points w i  11 be output.  

Remarks: 1. Both PRINT and P U N C H  may be requested. -- 

2. ALL cannot be used in  a Transient  problem. 

3. On a Frequency Response problem any request  f o r  SORT2 output causes a l l  output to  be 
SflRT2. 

4. ELSTRESS i s  an a l t e rna te  form and i s  e n t i r e l y  equivalent t o  STRESS. 

5. STRESS = NflNE a1 lows overriding an overall  output request. 
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Case Control Data Card SUBCASE - Subcase Delimiter. 

Description: Delimits and ident i f ies  a subcase. 

Format and Example(s) : 

SUBCASE n 
SUBCASE 101 

Option Meani ng 

n Subcase identification number (Integer > 0) .  

Remarks: 1 .  The subcase identification number, n,  must be s t r i c t l y  increasing ( i  .e., greater 
than a1 1 previous subcase identification numbers). 

2. Plot requests and RANDBM requests re fe r  t o  n .  
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Case Control Data Card SUBCgM - Combination Subcase Delimiter. 

Description: Delimits and ident i f ies  a combination subcase. 

Format and Example(s): 

SUBC0M n 
SUBC@I4 125 

Option Meani ng 

n Subcase identification number (Integer > 2). 

Remarks: 1. The subcase identification number, n ,  must be s t r i c t l y  increasing ( i  . e . ,  greater 
than a1 1 previous subcase identification numbers). 

2. A SUBSEQ card niust appear in th i s  subcase. 

3. SUBCgM may only be used in Stat ics  or  Iner t ia  Relief problems. 

4. Output requests above the subcase level will be ut i l ized.  
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Case Coiitrol Data Card SUBSEQ - Subcase Sequence Coeffi ci en Ls . 

Description: Gives the  coe f f i c i en t s  f o r  f o m i  ng a l i n e a r  combination of the previous subcases . 

Format and Example(s): 

SUBSEQ = R, [, Rp, R3,  . . . , R N l  
SUBSEQ = 1.0,  -1.0, 0.0,  2.0 

Option Meani nq 

R, t o  RN Coefficients of the  previously occuri ng subcases (Real ) 

Remarks: 1 .  A SUBSEQ card must only appear in a SUBCgM subcase 

2. A SUBSEQ card may be more than one physical card. A comma a t  the end s i g n i f i e s  a 
continuati  on card. 

3. SUBSEQ may only be used in S t a t i c s  o r  Ine r t i a  Relief problems. 
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Case Control Data Card SUBTITLE - Output Sub t i t l e .  

Description: Defines a BCD s u b t i t l e  which w i l l  
NASTRAN p r i n t e r  output.  

appear on the second heading i ine  of each page of 

Fonnat and Example ( s )  : 

SUBTITLE = { Any BCD data  ) 

SUBTITLE = NASTRAN PRflBLEM N f l .  5-1A 

Remarks: 1. SUBTITLE appearing a t  t h e  subcase level  w i  11 t i t l e  output f o r  t h a t  subcase only. -- 

2. SUBTITLE appearing before a l l  subcases wi l l  t i t l e  any outputs which a r e  not subcase 
dependent. 

3.  I f  no SUBTITLE card i s  supplied,  the  s u b t i t l e  l i n e  wi l l  be blank. 

4, SUBTITLE information i s  a l so  placed on NASTRAN p l o t t e r  output as applicable 
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Case Control Data Card SVECTOR - Solution Set Displacement Output Request. 

Description: Requests form and type of solution s e t  displacement output. 

Format and Example ( s  ) : 

SORT1 PRINT REAL )] = 1 PHASE NONE 

SVECTOR = ALL 

SVECTOR(SORT2, PURCH, PHASE) = NPNE 

Opti on Meani ng 

SORT1 Output will  be presented as a tabular  l i s t i n g  of grid points fo r  each load, 
frequency, eigenval ue, o r  time, depending on the r ig id  format. SORT1 i s  not 
available on Transient problems (where the defaul t  i s  SORTZ). 

S(dRT2 Output will be presented as a tabular l i s t i n g  of frequency or  time f o r  each 
gr id  point (o r  mode number). SORT2 i s  avai lable  only in Transient and Frequency 
Response problems. 

PRINT The p r in te r  wi 11 be the output media. 

PUNCH The card punch wi 11 be the output media. 

REAL or  Requests real and imaginary output on Complex Eigenval ue o r  Frequency Response 
I MAG problems. 

PHASE Requests magnitude and phase (0.0" < phase < 360.0") on Complex Eigenvalue or  
Frequency Response problems. 

ALL Displacements f o r  a l l  points (modes) will  be output. 

NONE Displacements f o r  no points (modes) will  be output. 

Set ident i f icat ion of previously appearing SET card. Only displacements of 
points whose ident i f icat ion numbers appear on t h i s  SET card will  be output 
( Integer  > 0) .  

Remarks: 1 .  Both PRINT and PUNCH may be requested. 

2. On a Frequency Response problem any request fo r  SlbRT2 causes a l l  output t o  be SORTP. 

3. SDISPLACEMENT i s  an a l t e rna te  form and i s  en t i re ly  equivalent to  SVECTOR. 

4. SVECTOR = NONE allows overriding an overall output request. 
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Case Control Data Card SVELgCITY - Solution Set  Velocity Output Request 

Description: Requests form and type of solution s e t  ve loci ty  output.  

Format and Example (s ) : 

SORT1 PRINT REAL ALL 

PHASE 

Option Meaning 

SBRT1 Output wi 11 be presented as a tabular  l i s t i n g  of g r id  points f o r  each load,  
frequency, eigenvalue, o r  time, depending on the  r i g i d  format. SP)RT1 i s  not 
avai lable  on Transient  problems (where the  de fau l t  i s  SBRT2). 

SBRT2 Output wi l l  be presented as a t abu la r  l i s t i n g  of frequency o r  time f o r  each 
g r id  point  ( o r  mode number). SBRT2 i s  ava i l ab le  only i n  Transient  and Frequency 
Response problems. 

PRINT The p r i n t e r  wi l l  be the output media. 

P U N C H  The card punch will  be the  output media. 

REAL o r  Requests real  and imaginary output on Frequency Response problems. 
I MAG 

PHASE Requests magnitude and phase (0.0" < phase i 360.0") on Frequency Response 
problems. 

ALL Velocity f o r  a l l  so lu t ion points (modes) will  be output.  

NgNE Velocity f o r  no solut ion points (modes) will  be output. 

Set  iden t i f i ca t ion  of a previously appearing SET card. Only ve loc i t i e s  of 
points whose iden t i f i ca t ion  numbers appear on t h i s  SET card wi l l  be output 
( In teger  > 0) .  

Remarks: 1. Both PRINT and PUNCH may be requested. 

2. Velocity output i s  only avai lable  f o r  Transient  and Frequency Response problems. 

3 .  On a Frequency Response problem any request  f o r  SflRT2 output causes a l l  output t o  
be SBRT2. 

4. SVELOCITY = NBNE allows overriding an overa l l  output request. 
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C ~ S P  Cot)tr01 Data Card zE - Symmetry Suhcase Delimiter. 

i . -- a i l i ? l i r ; i i  t s  and idellti fi PS a symmetry subcase. 

Format and Example - ( s )  : 

SYM 11 

SYr4 123 

0pt.i on -- Meaning 

n Subcase i denti f i  cation number (Integer > 0 ) .  

Remarks: 1 .  The subcase identification number, n ,  must be s t r i c t l y  increasing ( i  . e . ,  gwater  -- -- 
than a1 1 previous subcase identi Cication numbers). 

2.  Plot requests and RANDPM requests should refer  to n .  

3. Overall output requests will not propagate into a SYM subcase ( i . e .  any output 
desi red illus t be requested w i  thin the subcase). 

4 ,  SYM may only be used in Statics or  Iner t ia  Relief. 
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Case Control Data Card SYMCgM - Symmetry Combi nation Subcase De'l imi t e r .  

Description: Delimits and ident i f ies  a symmetry combination subcase. 

Format and Example ( s ) :  

SYMCgM n 
SYMCgM 123 

Option Meaning 

n Subcase identification number (Integer > 2) 

Remarks: 1. The subcase identification number, n ,  must be s t r i c t l y  increasing ( i  . e . ,  greater 
than a1 1 previous subcase identification numbers). 

2. SYMCOM may only be used in Statics o r  Inertia Relief problems. 
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Case Control Data Card SYMSEQ - Symmetry Sequence Coefficients . 

Description: Gives the coeffi cients for  combi ni ng the symmetry subcases into the total  structure. 

Format and ~xample(s) : 

SYMSEQ = R I C ,  R2,  R3 --- Rn]  

SYMSEQ = 1.0, -2.0, 3.0, 4.0 

Option Meaning 

R, t o  R N  Coefficients of the previously occurring N SYM subcases (Real). 

Remarks: 1. A SYMSEQ card may only appear in a SYMCBM subcase. 

2 .  The default value for  the coefficients i s  1.0 i f  no SYMSEQ card appears. 

3.  A SYMSEQ card may consist  o f  more than one physical card. 

4. SYMSEQ may only be used in Statics or Iner t ia  Relief. 
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Case Control Data Card TEMPERATURE - Thermal Properties Set Selection. 

Description: Selects the temperature s e t  t o  be used in ei ther  material property calculation or 
thermal loading . 

Format and Example ( s )  : - 7 

MATERIAL 
TEMPERATURE 1 = n 

- 
TEMPERATURE(L~AD) = 15 
TEMPERATURE(MATERIAL) = 7 
TEMPERATURE = 7 

Option Meaning 

MATERIAL The se1 ected temperature tab1 e wi 11 be used t o  determine temperature-dependent 
material properties indicated on the MATTi type cards. 

LgAD The selected temperature table will be used t o  determine an equivalent s t a t i c  
1 oad . 

BOTH Both options, MATERIAL and LgAD will use the same temperature table. 

n Set ident i f icat ion of TEMP, TEMPD or  TEMPAX cards (Integer > 0) .  

Remarks: 1. Only one temperature-dependent material request may be made in any problem. 

2. Thermal loading may only be used in S ta t ics ,  Iner t ia  Relief, Differential St i f fness ,  
and Buckling problems. 

3 .  Temperature-dependent materials may not be used in Piecewise Linear problems. 

4. The total  load applied will be the sum of external ( L P A D ) ,  thermal (TEMP(LpAD)), 
element deformation (DEFgRM) and constrained displacement (SPC) 1 oads. 

5. S ta t ic ,  thennal and element deformation loads should have unique s e t  identification 
numbers. 
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Case Control Data Card - Transfer Function Set Selection 

Description: Selects the Transfer function s e t  t o  be added t o  the d i r e c t  input matrices. 

Format and Example(s): 

TFL = n 
TFL = 77 

Opti on Meaning 

n Set iden t i f i ca t ion  of a TF card (Integer > 0 ) .  

Remarks: 1. Transfer functions will not be used unless se lected i n  the  Case Control Beck. 

2. Transfer functions are  supported on dynamics problems only. 

3. Transfer functions are  simply another form of d i r e c t  matrix input.  



CASE CONTKDI. DECK 

Case Control Data Card - Output T i t l e .  

Description: Defines a B C D  t i t l e  w h i c h  w i  1 l appear on the f i  r s t  heading I i n e  of each page of - 
NAST RAN p r in t e r  output.  

Format and Example ( s )  : 

TITLE = { Any BCD data 1 
T-ITLE = **$// ABCDEFGHI . . . . $ 

Remarks: 1 .  TITLE appearing a t  t he  subcase level  wi l l  t i t l e  output f o r  t h a t  subcase only. 

2 .  TITLE appearing before a l l  siibcases will  t i t l e  any outputs whicii a re  not subsase 
dependent. 

3. I f  no TITLE card i s  supplied,  the  t i t l e  l i n e  wi l l  contain data artti page numbers 
only. 

4 .  TITLE information i s  a lso  placed on NASTRAN p l o t t e r  output as a p l ~ v c a b l e .  
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Case Control Data Card TSTEP - Transient Time Step Set Selection. 

Description: Selects integration and output time steps for Transient problems. 

Format and Example(s ) : 

TSTEP = n 
TSTEP = 731 

Option Meaning 

n Set identification o f  a selected TSTEP bulk data card (Integer > 0). 

Remarks: 1. A TSTEP card must be selected t o  execute a Transient problem. 

2. Only one TSTEP card may have t h i s  value of n. 
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Case Control Data Card VECTOR - Displacement O u t p u t  Request 

Description: Requests form and type of displacement vector output. 

Format and Example(s): 

SORT PRINT REAL )] = 1 1 
vEcTgR [(m my m 

PHASE NgNE 

Option Meaning 

SORT1 Output will be presented as a tabular  l i s t i n g  of grid points f o r  each load, 
frequency, eigenvalue, o r  time, depending on the r ig id  format. SBRT1 i s  not 
available on Transient problems (where the default  i s  SORT2). 

SflRT2 Output will  be presented as a tabular  l i s t i n g  of frequency or  time f o r  each 
grid point.  SORT2 i s  available only in  Transient and Frequency Response 
problems. 

PRINT The p r in te r  will  be the output media. 

PUNCH The card punch wi 11 be the output media. 

REAL o r  Requests real and imaginary output on Complex Eigenvalue o r  Frequency Response 
IMAG problems. 

PHASE Requests magnitude and phase (0.0" < phase < 360.0") on Complex Eigenvalue or 
Frequency Response problems. 

ALL Displacements f o r  a11 points wi 11 be output. 

NBNE Displacements for  no points wi 11 be output. 

Set ident i f icat ion of a previ o l~s ly  appearing SET card. Only displacements of 
points whose ident i f icat ion numbers appear on t h i s  SET card w i  11 be output 
( Integer  > 0 ) .  

Remarks: 1.  Both PRINT and PUNCH may be requested. 

2. On a Frequency Response problem any request f o r  SORT2 causes a l l  output t o  be SBRT2. 

3. DISPLACEMENT i s  an a l ternate  ,form and i s  en t i re ly  equivalent to  VECTgR. 

4. VECTOR = NgNE allows overriding an overall output request. 
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Case Control Data Card VELDCITY - Velocity Otrtpu".,equest. 

Description: Requests form and type of veloci ty  vector output,  

Format and Example(s) : 

SPRT1 PRINT REAL ALL 
VELPCITY [(- SBRT2' - PUNCH' - IMAG n 

PHASE N f l N E  

VELPCITY = 5 

VELgCITY ( SgRTP, PHASE, PUNCH) = ALL 

Option Meaning 

S0RTl Output wi l l  be presented as a t abu la r  l i s t i n g  of g r id  points f o r  each load, 
frequency, eigenvalue, o r  time, depending on the r i g i d  format, S@RTl i s  not 
avai lable  on Transient  problems (where the defaul t  i s  SpRT2). 

SlaRTZ Output will be presented as a t abu la r  l i s t i n g  of frequency or  time f o r  each g r id  
point .  SflRT2 i s  avai lable  only i n  Transient and Frequency- Response problems. 

PRINT The p r i n t e r  wi l l  be the  output media. 

PUNCH The card punch wi 1 I be the output media. 

REAL o r  Requests real  and imaginary output on Frequency Response problems. 
I MAG 

PHASE Requests magnitude and phase (0 ,0°  < phase < 360.0") on Frequency Response 
problems. 

ALL Velocity f o r  a l l  so lu t ion points will  be oupttit. 

NP NE Velocity f o r  no solut ion points will  be output.  

Set  iden t i f i ca t ion  of a previously appearing SET card. Only ve loc i t i e s  of 
points whose iden t i f i ca t ion  numbers appear on t h i s  SET card wi 11 be output 
( In teger  > 0 ) .  

Remarks: 1. Both PRINT and P U N C H  may be requested. 

2. Velocity output i s  only avai lable  f o r  Transient and Frequency Response problems. 

3 .  On a Frequency Response problem any request f o r  SPRT2 output causes a l l  output t o  
be SBRT2. 

4. VELP)CITY = NBNE allows overriding an overall  output request .  
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2 . 4  BULK DATA DECK 

The primary NASTRAN input medium i s  the Bulk Data card. These cards are  used t o  define the 

structural model and various pools of data which may be selected by Case Control a t  execution 

time. 

For large problems the Bulk Data Deck may consist of several thousand cards. In order t o  

minimize the hand1 i ng of large numbers of cards, provision has been made in NASTRAN to  s tore  the 

bulk data on the Problem Tape, from which i t  may be modified on subsequent runs. A User's Master 

File (Section 2 .5 )  i s  also provided for the storage of Bulk Data Decks. 

For any cold s t a r t ,  the en t i re  Bulk Data Deck must be submitted. Thereafter, i f  the original 

r u n  was checkpointed, the Bulk Data Deck exis ts  on the Problem Tape in sorted form where i t  may be 

modified and reused on res ta r t .  On res ta r t  the bulk data cards contained in the Bulk Data Deck 

are added t o  the bulk data contained on the 01 d Problem Tape. Cards are removed from the Old 

Problem Tape (or  the User's Master File) by the use of a delete card. Cards to  be deleted are  

indicated by inserting a bulk data card with a / in column one and the sorted bulk data sequence 

numbers in f ie lds  two and three. All bulk data cards in the range of the sequence numbers in  

f ie lds  two and three will be deleted. In the case where only a single card i s  deleted, f i e ld  

three may be l e f t  blank. 

The Bulk Data Deck may be submitted with the cards in any order as a so r t  i s  performed prior 

t o  the execution of the Input File Processor. I t  should be noted that the machine time to per- 

form th i s  i s  minimized for a deck that  i s  already sorted. The sor t  time for  a badly sorted deck 

will become signif icant  for large decks. The user may obtain a printed copy of e i ther  the un- 

sorted or sorted bulk data by selection in the Case Control Deck. A sorted echo i s  necessary in 

order t o  make modifications on a secondary execution using the Problem Tape. This echo i s  auto- 

mati cal ly provided unless specifically suppressed by the user. 

2.4.1 Format of Bulk Data Cards 

The bulk data card format i s  variable t o  the extent that  any quantity except the mnemonic can 

be punched anywhere within a specified 8 or 16-column f ie ld .  The normal card uses an 8-column 

f i e ld  as indicated in the following diagram: 
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Small Field Bulk Data Card 

The mnemonic i s  punched in f i e ld  1 beginning in column 1. Fields 2-9 are for  data items. The 

only limitations in data items are that  they must l i e  completely within the designated f ie ld ,  

have no imbedded blanks, and must be of the proper type, i . e . ,  blank, integer,  real ,  double pre- 

cision, or BCD*. Real numbers may be encoded in various ways. Except in the case of zero or  

blank, a real number must contain a decimal point. For example, the real number 7.0 may be en- 

coded as 7.0, .7E1, 0.7+1, 70.-1, .70+1, e tc .  A double precision number must contain both a 

decimal point and an exponent with the character D such as 7.ODO. Double precision data values 

are only allowed in a few si tuat ions,  such as on the PARAM card. BCD data values consist of one 

to  eight  alphanumeric characters, the f i r s t  of which must be a1 phabetic. 

Normally f ie ld  10 i s  reserved for optional user identification. However, in the case of con- 

tinuation cards f i e ld  10 (except column 73 which i s  not referenced) i s  used in conjunction with 

f i e ld  1 of the continuation card as an iden t i f ie r  and hence must contain a unique entry. The 

continuation card contains the symbol + in column 1 followed by the same seven characters that  

appeared in columns 74-80 of f ie ld  10 of the card that  i s  being continued. This allows the data 

to  be submitted as an unsorted deck. 

The small f ie ld data card should be more than adequate for  the kinds of data normally associ- 

ated with structural engineering problems. Since abbreviated forms of floating point numbers are 

allowed, up to  seven s ignif icant  decimal digi ts  may be used in an eight-character f ie ld .  Occasion- 

a l ly ,  however, the input i s  generated by another computer program o r  i s  available in a form where 

a wider f i e ld  would be desirable. For this  case, the larger f ie ld  format with a 16-character 

data f ie ld  i s  provided. Each logical card consists of two physical cards as indicated in the 

fol 1 owi ng di agram : 

* See SEQGP and SEQEP for exceptions. 
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Large Field Bulk Data Card 

The large f ie ld  card i s  denoted by placing the symbol * a f t e r  the mneinoni c in f ie ld  l a  and some 

unique character configuation in the l a s t  7 columns of f i e ld  10a. i n e  second physical card con- 

tains the symbol * in column 1 followed by the same seven characters that  appeared a f t e r  column 

73 in f i e ld  10a of the f i r s t  card. The second card may in t u r n  be used t o  point t o  a large or  

small f ie ld continuation card, depending on whether the continuation card contains the symbol * 
or the symbol + in column 1. The use of multiple and large f i e ld  cards are i l lus t ra ted  in  the 

fol l  owing examples : 

Small _Field Card with Small Field Continuation Card. 

Lqrge Field Card 

TYPE 

+ED1 23 

TYPE* QED124 - 

Large Field Card with Large Field Continuation Card 

1 

Large Field Card Followed by a Small F.ield Continuation Card and a Large Field Continuation Card 

QED123 
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Small Field Card with Large Field Continuation Card 

In the  above examples column 73 a r b i t r a r i l y  contains the  symbol Q i n  a l l  cases where f i e l d  10 i s  

used as a pointer .  However, column 73 could have been l e f t  blank o r  the  same symbol used in 

column 1 of the  following card could have been used ( i . e . ,  the  symbols * o r  +). 

2.4.2 Bulk Data Card Descriptions 

The de ta i l ed  descr ip t ions  of the bulk data cards are  contained i n  t h i s  sec t ion in  alphabetical  

order.  For d e t a i l s  per ta in ing t o  the use of each card and f o r  a discussion of the  cards in  func- 

t ional  groups, t h e  user i s  refer red  t o  Section 1 - Structura l  Modeling. Small f i e l d  examples are  

given f o r  each card along with a description of the contents of each f i e l d .  In the  Format and 

Example sect ion of each card descr ip t ion,  both a symbolic card format descr ip t ion and an example of 

an actual  card a r e  shown. Li tera l  constants a re  shown i n  the  card format sec t ion enclosed in  

quotes (e .g . ,  "0"). Fields t h a t  a re  required t o  be blank a re  indicated in  the card format sec t ion 

by whenever they a re  followed by nonblank f i e l d s  o r  whenever such notation will  c l a r i f y  

the card descr ip t ion.  

The Input F i l e  Processor wi l l  produce e r r o r  messages f o r  any cards t h a t  do not have the proper 

format o r  which contain i l l e g a l  data.  
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input Data Card $ Comment 

Description: For user convenience in inserting commentary material into the unsorted echo of h i s  
input Bulk Data Deck, The $ card i s  otherwl'sc: ignored by the pr-ogram. These cards will not 
appear i n  a sorted echo nor will they exist on the New Problem Tape. 

Format and Example: 

2 3 4 5 7 8 9 10 
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Input Data Card 1 Delete 

Descri tion: Delete cards are used t o  remove cards from e i ther  the Old Problem Tape on r e s t a r t  --+- or tt e User's Master File. 

Format and Example : 

1 2 3 4 5 6 7 8 9 10 

Field Contents 

K1 Sorted sequence number of f i r s t  card in sequence to  be removed 

K2 Sorted sequence number of l a s t  card in sequence t o  be removed 

Remarks: 1. The delete card causes bulk data cards having s o r t  sequence numbers K1 thru K2 t o  be 
removed from the Bulk Data Deck. 

2. If K2 is blank, only card K1 i s  removed from the Bulk Data Deck. 

3 .  I f  neither an Old Problem Tape nor a User's Master File are used in the current 
execution, the delete cards are ignored. 
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Inpu t  Data Card AXIC Conical Shel l  Problem "Flag" 

Descr ipt ion:  Defines the existence o f  an axisymmetric con ica l  s h e l l  problem. 

Format and Example: 

F i e l d  Contents 

H Highest  harmonic def ined f o r  the  problem (0 5 I n tege r  5 998) 

Remarks: 1. Only one (1 )  AXIC card i s  allowed. When the AXIC card  i s  present, most o ther  cards 
are n o t  al lowed. The types which are al lowed w i t h  the AXIC card a r f l s t e d e l o w :  

CCPNEAX 
DAREA 
DELAY 
DLPAD 
DM1 
DMIG 
DPHASE 
DS FACT 
EIGB 
EIGC 
EIGP 
EIGR 
EPPINT 
F0RCE 
FPRCEAX 
FREQ 
FREQl 
FREQ2 
GR AV 
LOAD 

MAT 1 
MATT 1 
M0MAX 
M0MENT 
MPCADD 
MPCAX 
NPLINl 
NPLIN2 
NILIN3 
NgLIN4 
PMITAX 
PARAM 
PCPNEAX 
PPINTAX 
PRESAX 
RINGAX 
RLPAD 1 
RLPAD2 
SECTAX 
SPCADD 

S P CAX 
SUPAX 
TABDMPl 
TABLE Dl 
TABLED2 
TABLED3 
TABLED4 
TABLEMl 
TABLEM2 
TABLEM3 
TABLEM4 
TEMPAX 
T F 
TIC 
T'LgADl 
TLgAD2 
'fSTEP 

2. For a d iscussion o f  the conical  s h e l l  problem, see Sect ion 5.9 o f  the Theore t ica l  
Manual. 
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Input Data Card BARPR Simple Beam Orientation Default 

Description: Defines default  values for f ie lds  3 and 6-9 of the CBAR card 

Format and Example: 

Field Contents 

PID Identification number of PBAR property card (Integer > 0 or blank) 
XI, X2, X3 Vector components measured in  displacement coordinate system a t  GA t o  determine 

(with the vector from end A t o  end B )  the orientation of the element coordinate 
system for the bar element (Real o r  blank; see below1 

GO Grid point identification number ( ~ n t e g e r  > 0;  see below) 
F Flag t o  specify the nature of f ie lds  6-8 as follows: 

Remarks: 1 .  The contents of f ie lds  on th i s  card will be assumed for  any CBAR card whose 
corresponding f ie lds  are blank. 

2. Only one BAR0R card may appear in the user 's  Bulk Data Deck. 

3. For an explanation of bar element geometry, see Section 1.3.2. 
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Input Data Card Sirnpl e Bean El eriient Connetti on 

Descript1'0n: Defines a simple beam element (BAR)  of toe str irctural  model. - 

Format and Example : 

Field 

E I  D 

PI D 

GA, G B  

XI, X2, X3 

PA, PB 

Remarks: 1, -- 

Contents 

Unique element identi  f i ca t ion  number ( In teger  > 0)  

Iden t i f i ca t ion  number of a PBAR property card ( In teger  > 0 or blank*) 
Grid point  iden t i f i ca t ion  numbers of connection points (Integer > 0;  GA + GB) 

Vector components measured in displacement coordinate system a t  GA t o  determjne 
(with the  vector from end A t o  end B) the  or ienta t ion of the element coordinate 
system f o r  the bar element (Real, XI2 + XZ2 + X3' > 0 or blank*) (see below) 

Grid point  iden t i f i ca t ion  tiumber to  optional'ly supply X1, X2, X3 ( In tege r  > 0 or 
blank*) (see below) 
Flag to  specify the nature of f i e l d s  6-8 as follows: 

Pin Flags f o r  bar ends A and 13 (Up t o  5 of the  unique d i g i t s  1-6 anywhere i n  the 
f i e l d  with no imbedded blanks; Inteqer > 0)  ('These degree of freedom codes refer 
t o  the element forces t o  the global degrees of freedom) (See the  
Theoretical Manual Section 5 .2)  
Offset  vectors measured in  displacement coordinate system a t  points GA and GB 
(Real) 

Element iden t i f i ca t ion  numbers must be unique with respect  to  a l l  o ther  element 
iden t i f i ca t ion  numbers. 

For an explanation of bar element geometry see Section 1.3.2. 

Zero (0 )  must be used in f i e l d s  7 and 8 i n  order t o  override e n t r i e s  i n  these f i e l d s  
associated with F = 1 in  f i e l d  9 on a BARflR card.  

* See the BAR$R card f o r  de fau l t  options f o r  f i e l d s  3 ,  6 ,  7 ,  8 and 9.  
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Input Data Card CCONEAX Axisymmetric She1 l Element Connection 

Description: Defines the connection of a conical shell  element. 

Format and Example: 

Field Contents 

ID Unique element identification number (Integer > 0) 
PI D Identification number of a PC0NEAX card (Integer > 0) 

RA Identification number of a RINGAX card (Integer > 0; RA # R B )  

RB Identification number of a RINGAX card (Integer > 0; RA # RB) 

Remarks: 1.  This card i s  allowed i f  and only i f  an AXIC card i s  also present. 

2 .  For a discussion of the conical shell problem, see Section 5.9 of the Theoretical 
Manual. 
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Input Data Card CDAMPl Scalar Damper Connection 

Description: Defines a s c a l a r  damper element of the s t ruc tu ra l  model . 

Format and Example: 

1 2 3 4 5 6 7 8 9 10 

Field Contents 

EI D Unique element iden t i f i ca t ion  number ( In tege r  > 0 )  

PID Iden t i f i ca t ion  number of a PDAMP property card ( In teger  > 0)  

GI, 62 Geometric g r i d  point  iden t i f i ca t ion  number ( In teger  _> 0) 

C1, C2 Component number (6 2 Integer 2 0) 

Remarks: 1 .  Scalar  points may be used f o r  G1 and/or 62 in  which case the  corresponding C1 and/or 
C2 must be zero o r  blank. Zero o r  blank may be used t o  indicate  a grounded* 
terminal G1 o r  62 with a corresponding blank o r  zero C1 o r  C2. I f  only s c a l a r  points 
and/or ground a r e  involved, i t  i s  more e f f i c i e n t  t o  use the CDAMP3 card. 

2. Element iden t i f i ca t ion  numbers must be unique with respect  t o  o ther  element 
iden t i f i ca t ion  numbers. 

3. The two connection points ,  (GI, C1) and (62, C2), must be d i s t i n c t .  

4. For a discussion of the  s c a l a r  elements, see  Section 5.6 of the Theoretical 
Manual . 

* A grounded terminal i s  a s c a l a r  point  o r  coordinate of a geometric gr id  point  whose displacement 
i s  constrained t o  zero. 
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Input Data Card CDAMPZ Scalar Damper Property and Connection 

Description: Defines a s c a l a r  damper element of the  s t ruc tu ra l  model without reference t o  a 
property val ue. 

Format and Example: 

Field Contents 

EI D Unique element iden t i f i ca t ion  number ( In teger  > 0) 

B The value of t h e  sca la r  damper (Real ) 

GI, 62 Geometric gr id  point iden t i f i ca t ion  number ( In tege r  2 0) 

C1, C2 Component number (6 2 Integer 2 0) 

Remarks: 1. Scalar points may be used f o r  61 and/or 62 in  which case the  corresponding Cl and/or 
C2 must be zero o r  blank. Zero o r  blank may be used to  indicate  a grounded* 
terminal G1 o r  62 with a corresponding blank o r  zero C1 o r  C2. I f  only s c a l a r  points 
and/or ground are involved, i t  i s  more e f f i c i e n t  t o  use the  CDAMP4 card. 

2. Element iden t i f i ca t ion  numbers must be unique with respect  t o  o ther  element 
iden t i f i ca t ion  numbers. 

3 .  This s ingle  card completely defines t h e  element since no material o r  geometric 
proper t ies  are  required. 

4. The two connection points ,  (GI, C1) and (62, C2), must be d i s t i n c t .  

5. For a discussion of the s c a l a r  elements, see  Section 5.6 of the Theoretical 
Manual. 

* A grounded terminal i s  a s c a l a r  point  or  coordinate of a geometric g r id  point whose displacement 
i s  constrained t o  zero. 
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Input Data Card CDAMP3 Scalar Damper Connection 

Description: Defines a sca la r  damper element of the  s t ruc tu ra l  model which i s  connected only 
t o  sca la r  points.  

Format and Example : 

Field Contents 

E I D  Unique element iden t i f i ca t ion  number ( In teger  > 0) 

PID Iden t i f i ca t ion  number of a PDAMP property card ( In teger  > 0)  

S1, S2 Scalar point  iden t i f i ca t ion  numbers ( In teger  2 0;  S1 # S2) 

Remarks: 1 .  S1 o r  S2 may be blank o r  zero indicat ing a constrained coordinate. 
. -- 

2. Element iden t i f i ca t ion  numbers must be unique with respect  to  all other  element 
iden t i f i ca t ion  numbers. 

3,  One o r  trvo s c a l a r  damper elements may be defined on a s i n a l e  card. 

4. For a discussion of the s c a l a r  elements, s ee  Section 5.6 of the Theoretical 
Manual . 
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Input Data Card CDAMP4 Scalar Damper Property and Connection 

Description: Defines a scalar damper element of the structural model which i s  connected only 
t o  scalar points. 

Format and Example: 

Field Contents 

EI D Unique element identification number (Integer > 0)  

B The scalar damper value (Real ) 

S1, S2 Scalar point identification numbers (Integer 2 0; S1 f S2) 

Remarks: 1. S1 or  S2 may be blank or  zero indicating a constrained coordinate. 

2. Element identification numbers must be unique with respect t o  other element 
identification numbers. 

3. This card completely defines the element since no material or  geometric properties 
are requi red. 

4. One o r  two scalar  damper elements may be defined on a single card. 

5. For a discussion of the scalar  elements, see Section 5.6 of the Theoretical 
Manual. 
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Input Data Card CELASl Scalar Spring Connection 

Description: Defines a scalar spring element of the structural model. 

Format and Example: 

Field Contents 

EI D Unique element identification number (Integer > 0) 

PI D Identification number of a PELAS property card (Integer > 0) 

GI, 62 Geometric grid point identification number (Integer > 0) 

C1, C2 Component number (6 2 Integer 2 0) 

Remarks: 1 .  Scalar points may be used for  G1 and/or 62 in which case the corresponding C1 and/or 
I C2 must be zero o r  blank. Zero or  blank may be used t o  indicate a grounded* 

terminal G1 o r  62 with a corresponding blank or  zero C1 or C2. If only scalar  points 
and/or ground are involved, i t  i s  more e f f ic ien t  to use the CELAS3 card. 

2 .  Element identification numbers must be unique with respect to  all other element 
identification numbers. 

3. The two connection points, (GI, C1) and (62, C2), must be d i s t inc t .  

4. For a discussion of the scalar  elements, see Section 5.6 of the Theoretical 
Manual . 

* A grounded terminal i s  a scalar  point or  coordinate of a geometric grid point whose displacement 
i s  constrained to zero. 



NASTRAN DATA DECK 



BULK D N A  BECK 

Input Data Card CELAS2 Scal a r  Spring Property and Connection 

Descri tion Defines a scalar spring element of the structural model without reference to  a 
&ue. 

Format and Example : 

Field Contents 

EID Unique element identification number (Integer > 0) 

K The value of the scalar  spring (Real) 

GI, 62 Geometric grid point identification number (Integer 2 0) 

C1, C2 Components number (6 2 Integer 2 0) 

GE Damping coefficient (Real ) 
S Stress coefficient (Real ) 

Remarks : 1.  Scalar points may be used for  Gl and/or 62 in which case the corresponding C1 and/or 
C2 must be zero or  blank. Zero o r  blank may be used t o  indicate a grounded* 
terminal 61 or  62 with a corresponding blank or  zero C1 o r  C2. I f  only scalar  points 
and/or ground are involved, i t  i s  more e f f ic ien t  to  use the CELAS4 card. 

2. Element identification numbers must be unique with respect to  other element 
i denti f i  cati  on numbers. 

3. This single card completely defines the element since no material or  geometric 
properties are required. 

4. The two connection points , (GI , C1) and (62, C2), must be d i s t inc t .  

5. For a discussion of the scalar  elements, see Section 5.6 of the Theoretical 
Manual. 

* A grounded terminal i s  a scalar  point or  coordinate of a geometric grid point whose displacement 
i s  constrained t o  zero. 
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Input Data Card CELAS3 Scalar Spring Connection 

Description: Defines a sca la r  spr.ing element of the  s t ruc tu ra l  nioclel which i s  connected only 
C c a l a r  points.  

Format and Example: 

Field -- Contents 

EID Unique element iden t i f i ca t ion  number ( In teger  > 0)  

PID Iden t i f i ca t ion  number of a PELAS property card ( In teger  > 0)  

S1, S2 Scalar point iden t i f i ca t ion  numbers ( In teger  2 0; S1 f S2) 

Remarks: 1.  S1 o r  S2 may be blank o r  zero indicat ing a constrained coordinate. 

2 .  Element iden t i f i ca t ion  numbers must be unique with respect to  fl othe r  element 
i denti f i  cation numbers. 

3. One o r  two s c a l a r  springs may be defined on a s ing le  card.  

4. For a discussion of the  s c a l a r  elements, see Section 5 .6  of the  Theoretical  
Manual. 
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Input Data Card CELAS4 Scalar Spring Property and Connection 

Description: Defines a scalar element of the structural model which i s  connected only to  
scalar points without reference t o  a property value. 

Fonna t and Example : 

 ELA AS^ 1 EID I K I S1 I S 2  I EID I K I S1 1 S 2  I[ 1 

Field Contents 

EI D Unique element identification number (Integer > 0)  

K The scalar spring value (Real ) 

S1, S2 Scalar point identification numbers (Integer 2 0; S1 f S2) 

Remarks: 1. S1 or  S2 but not both may be blank or  zero indicating a constrained coordinate. 

2. Element identification numbers must be unique with respect to  other element 
identification numbers. 

3. This card completely defines the element since no material o r  geometric properties 
are requi red. 

4. No damping coefficient i s  available with th i s  form. (Assumed to be 0.0) 

5. No s t ress  coefficient i s  available with th i s  form 

6 .  One or  two scalar  springs may be defined on a single card. 

7 .  For a discussion of the scalar  elements, see Section 5.6 of the Theoretical 
Manual. 
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Input Data Card CMASSI Scalar Mass Connection 

Description: Defines a scalar mass element of the structural model. 

Format and Example: 

Field Contents 

EI D Unique element identification number (Integer >.  0) 

PID Identification number of a PMASS property card (Integer > 0) 

GI, 62 Geometric grid point identification number (Integer _> 0) 

C1, C2 Component number '(6 2 Integer 2 0) 

Remarks: 1. Scalar points may be used fo r  G1 and/or 62 in which case the corresponding C1 and/or 
C2 must be zero or blank. Zero o r  blank may be used to  indicate a grounded* 
terminal G1 or  62 with a corresponding blank or  zero C1 o r  C2. If only scalar  points 
and/or ground are involved, i t  i s  more eff ic ient  to use the CMASS3 card. 

2. Element identi fication numbers must be unique wi t h  respect to  other element 
identification numbers. 

3. The two connection points, (GI, C1) and (62, C2), must be d i s t inc t .  

4. For a discussion of the scalar  elements, see Section 5.6 of the Theoretical 
Manual. 

* A grounded terminal i s  a scalar  point or  coordinate of a geometric grid point whose displacement 
i s  constrained t o  zero. 
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Input Data Card CMASS2 Scalar Mass Property and Connection 

Description: Defines a scalar  mass element of the structural model without reference to  a pro- 
perty value. 

Format and Example: 

Field - Contents 

EI D Unique element identification number (Integer > 0) 

M The value of the scalar  mass (Real ) 
GI, 62 Geometric grid point identification number (Integer 2 0) 

C1, C2 Component number (6 2 Integer 2 0) 

Remarks: 1. Scalar points may be used for  G1 and/or 62 in which case the corresponding C1 and/or 
C2 must be zero or  blank. Zero o r  blank may be used to  indicate a grounded* 
terminal G1 o r  62 with a corresponding blank or zero C1 or C2. I f  only scalar  points 
and/or ground are involved, i t  i s  more e f f ic ien t  t o  use the CMASS4 card. 

2. Element identification numbers must be unique with respect to other element 
identification numbers. 

3. This card completely defines the element since no material or  geometric properties 
are  required. 

4. The two connection points , (GI , C1) and (62, C2), must be d i s t inc t .  
'. 

5. For a discussion of the scalar  elements, see Section 5.6 of the Theoretical 
Manual. 

* A grounded terminal i s  a scalar  point o r  coordinate of a geometric grid point whose displacement 
i s  constrained t o  zero. 
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lnpue Data Card CMASS3 Scalar Mass Connection 

Description: Defines a scalar  mass element of the structural model which i s  connected .only t o  
scalar points. 

Format and Example: -- 

Field Co~ten ts  

E l  D Unique element identification number (Integer 0) 

PID Identification of a PMASS property card (Integer > 0) 

S1, 52 Scalar point identification numbers (Integer 2 0; S1 f S2)  

Remarks: 1 .  S1 or S2 may be blank or  zero indicating a constrained coordinate. 

2. Element identification numbers must be unique with respect to  other element 
identification numbers. 

3 .  One o r  two scalar  masses ma.v be defined on a single card. 

4. For a discussion of the scalar elements, see Section 5.6 of the Theoretical 
Manual. 
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Input Data Card CMASS4 Scalar Mass Property and Connection 

Description: Defines a scalar  mass element of the structural model which i s  connected only to  
scalar p'oints without reference to  a property value. 

Format and Example: 

Field Contents 

EID Unique element identification number (Integer > 0) 

M The scalar  mass value (Real ) 

S1, S2 Scalar point identification numbers (Integer 2 0; S1 # S2) 

Remarks : 1. S1 o r  S2 may be blank or  zero indicating a constrained coordinate. 

2. Element identification numbers must be unique with respect t o  all other element 
ident i f icat ion numbers. 

3. This card completely defines the element since no material o r  geometric properties 
are required. 

4. One o r  two scalar  masses may be defined on a single card. 

5. For a discussion of the scalar  elements, see Section 5.6 of the Theoretical 
Manual. 
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Input Data Card CgNM1 Concentrated Mass Element Connection 

Description: Defines a 6x6 symmetric mass matrix a t  a geometric grid point of the structural 
model. 

Format and Example : 

Field Contents 

EI D Unique element identification number (Integer > 0) 

G Grid point identification number (Integer > 0) 

CID Coordinate system identification number fo r  the mass matrix (Integer 2 0) 

Mi j Mass matrix values (Real ) 

Remarks: 1. For a less  general means of defining concentrated mass a t  grid points, see CgNM2. 

2. Element identification numbers must be unique with respect t o  all other element 
ident i f icat ion numbers. 
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Input Data Card C0NM2 Concentrated Mass Element Connection 

Description: Defines a concentrated nmss a t  a grid point of the structural model. 

Format and Example: 

Field - Contents 

EI D Element identification number (Integer > 0) 

G Grid point identification number (Integer >O) 

CI D Coordinate system identification number (Integer 2 0 )  

M Mass Value (Real) 
X1 ,X2,X3 Offset distances for the mass in the coordinate system defined in f ie ld  4 (Real) 

I i  j Mass moments of iner t ia  measured a t  the mass c.g. in coordinate system defined 
by f i e ld  4 (Real) 

Remarks: 1. Element identification numbers must be unique with respect t o  other element 
identification numbers. 

2. For a more general means of defining concentrated mass a t  grid points, see CgNM1. 

3. The continuation card may be omitted. 
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Input Data Card C0NRQD Rod Elemerlt Property and Connection 

Fcsci-iption: Defines a rod element of the  s t ruc tu ra i  model wi tliout reference t o  a property card .  

Format and Example : 

F-ield 

EI D 

GI ,  62 

MID 

A 

J 

C 

NSM 

Contents 

Unique element iden t i f i ca t ion  number ( In tege r  > 0)  

Grid point iden t i f i ca t ion  numbers of connection points ( In teger  > 0 ;  GI f 6 2 )  

Materi a1 iden t i f i ca t ion  number ( In tege r  > 0 )  

Area of rod (Real ) 

Torsional constant  (Real ) 
Coefficient  f o r  tors ional  s t r e s s  determination (Real ) 

Nonstructural mass per uni t  length (Real ) 

Remarks: 1. E'lement iden t i f i ca t ion  numbers must be unique with respect  to  all a the r  element -- 
i den t i f i ca t ion  numbers. 

2 .  CgNRgD cards may only reference MATI material  cards. 
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Input Data Card CPRDlC Cylindrical Coordinate System Definition 

Description: Defines a cylindrical coordinate system by reference to  three grid points. These 
points must be defined in coordinate systems whose definition does not involve the coordinate 
system being defined. The f i r s t  point i s  the or igin,  the second l i e s  on the z-axis, and the third 
l i e s  in the plane of the azimuthal origin. 

Format and Example: 

Field Contents 

CID Coordinate system identification number (Integer > 0) 

GI, 62, 63 Grid point identification numbers (Integer > 0; GI # 62 # 63) 

Remarks: 1.  Coordinate system identification numbers on a1 1 CflRD1 R ,  CP)RDlC, CflRDl S, CflRD2R, 
CP)RD2C, and CpRD2S cards must a1 1 be unique. 

2. The three points GI, 62, 63 must be noncollinear. 

3. The location of a grid point ( P  in the sketch) in this  coordinate system i s  given by 
( R ,  0 ,  Z )  where 0 i s  measured in degrees. 

4. The displacement coordinate directions a t  P are dependent on the location of P as 
shown above by (u,, u 0 ,  u,) 

5. Points on the z-axis may not have t he i r  displacement directions defined in th i s  
coordinate system since an ambiguity resul ts .  

6 .  One or two coordinate systems may be defined on a single card. 
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Input Data Card C0RD1 R Rectangular Coordinate System Definit ion 

Description: Defines a rectangular coordinate system by reference to three  grid points.  These 
points must be defined i n  coordinate systems whose de f in i t ion  does not involve the coordinate 
system being defined. The f i r s t  point  i s  the o r ig in ,  the second l i e s  on the  z-axis,  and the t h i r d  
l i e s  in the x-z plane. 

Format and Example: 

Field Contents 

CI D Coordinate system iden t i f i ca t ion  number ( In tege r  > 0)  

GI, 62, 63 Grid point  iden t i f i ca t ion  numbers ( I n t e s ~ r  > 0; G1 # 62 # 63) 

Remarks: 1 .  Coordinate system iden t i f i ca t ion  numbers on a1 1 CORD1 R ,  CORD1 C,  CBRDlS, CORDZR, 
CORDZC, and C0RD2S cards must a1 1 be unique. 

2. The th ree  points GI, 62, 63 must be noncoll inear.  

3. The location of a g r id  point ( P  i n  the  sketch)  i n  t h i s  coordinate system i s  given 
by (X ,  Y, Z) .  

4. The displacement coordinate d i rec t ions  a t  P a r e  shown above by (ux,  uy ,  uz) .  

5. One o r  two coordinate systems may be defined on a s ingle  card. 
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Input Data Card CgRDlS Spherical Coordinate System Definition 

Description: Defines a spherical coordinate system by reference t o  three grid points.  These 
points must be defined i n  coordinate systems whose def ini t ion does not involve the coordinate 
system being defined. The f i r s t  point is the or igin ,  the second l i e s  on the z-axis,  and the t h i r d  
l i e s  in the plane of the azimuthal origin.  

Format and Example: 
----- 

Field Contents 

CID Coordinate system ident i f icat ion number (Integer > 0)  

GI, 62, 63 Grid point ident i f icat ion numbers ( Integer  > 0; G1 # 62 # 63) 

1 2 3 4 5 6 7 8 9 10 

Remarks : 1. Coordinate system ident i f icat ion numbers on a1 1 CJdRD1 R ,  CJdRD1 C ,  CJdRD1 S, CJdRDPR, 
CJdRD2C, and CJdRD2S cards must a1 1 be unique. 

2. The three points G1 , 62, 63 must be noncoll i near. 

63 

3.  The location of a grid point (P in the sketch) in t h i s  coordinate system i s  given 
by (R, O ,  @) where o and @ are  measured in  degrees. 

4. The displacement coordinate directions a t  P are  dependent on the location of P as 
shown above by (u,, u e ,  u+) .  

G 1 

5. Points on the polar axis may not have t h e i r  displacement directions defined i n  t h i s  
coordinate system since an ambiguity resu l t s .  

62 63 

19 

62 

32 

CBRDl S 

CORD1 S 

6 .  One o r  two coordinate systems may be defined on a s ingle  card. 

CID CI D 

3 

GI 

16 
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Input Data Card C@RD2C Cylindrical Coordinate System Definition 

Description: Defines a cylindrical coordinate system by reference to the coordinates o f  thr-ee 
points. The f i r s t  point defines the origin. The second point defines the direction o f  the z -ax is .  
The third l i e s  in the plane of the azimuthal origin. The reference coordinate must be independ- 
ently defined. 

Format and Exampl e : 

Field Contents -- 
CID Coordinate system identification number (Integer > 0)  

RID Reference to  a coordinate system which i s  defined independently of new coordin- 
a te  system (Integer 2 0 or blank) 

A1 ,A2,A3 
B1 ,B2,B3 Coordinates of three points in coordinate system defined in f ie ld 3 (Real) 
C1 ,C2,C3 

(continued) 
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CpRD2C (cont. ) 

Remarks: 1. Continuation card must - be present. 

2. The three points (Al, A2, A3), (Bl, 82, B3), (Cl, C2, C3) must be unique and non- 
coll inear. Noncol 1 i neari ty i s  checked by the geometry processor. 

3. Coordi nate sys tem i den t i  f i  cati  on numbers on a1 1 CPRD1 R ,  CgRD1 C ,  CPRD1 S, CgRD2R, 
C~JRD~C, and CgRD2S cards must a l l  be unique. 

4. An RID of zero references the basic coordinate system. 

5. The location of a grid point (P in the sketch) in th i s  coordinate system i s  given 
by ( R ,  O,  Z )  where O i s  measured in degrees. 

6 .  The displacement coordinate directions a t  P are dependent on the location of P as 
shown above by (u,, u8,  u Z ) .  

7. Points on the z-axis may not have t he i r  displacement direction defined in th i s  
coordinate system since an ambiguity resul ts .  
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Input Data Card C0RD2R Rectangular Coordinate System Defini t i on  

Description: Defines a rectangular coordinate system by reference t o  the coordinates of th ree  
points.  The f i r s t  point  defines the o r ig in .  The second point  def ines  the  d i rec t ion of the  z-axis.  
The t h i r d  point  def ines  a vector which, with the  z-axis ,  def ines  the  x-z plane. The reference 
coordinate must be independently defined. 

7 

Format and Example : 

Field Contents 

CI D Coordinate system iden t i f i ca t ion  number ( In teger  > 0) 

RID Reference t o  a coordinate system which i s  defined independently of new coordin- 
a t e  system (Integer  2 0 or  blank) 

A1 ,A2 ,A3 
B1 ,B2,B3 Coordinates of three  points in coordinate system defined i n  f i e l d  3 (Real ) 
C1 ,C2,C3 

Remarks: 1 .  Continuation card must be present.  

2. The three  points (Al, A2, A3), (Bl ,  82, B3), (Cl,  C2, C3) must be unique and non- 
col l i n e a r .  Noncoll inear i  t y  i s  checked by the geometry processor. 

3. Coordinate system iden t i f i ca t ion  numbers on a1 1 CORD1 R, CgRD1 C, CORD1 S ,  CORDPR, 
CgRDZC, and CgRD2S cards must a1 1 be unique. 

1. An RID of zero references the basic coordinate system. 

5. The location of a gr id  point ( P  in the  sketch)  in  t h i s  coordinate system i s  given by 
(X, Y ,  Z ) .  

6 .  The displacement coordinate d i rec t ions  a t  P a r e  shown by (u,, u,,, uZ) .  
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Input Data Card CflRD2S Spherical Coordinate System Definition 

Description: Defines a spherical coordinate system by reference t o  the coordinates of three 
points. The f i r s t  point defines the origin. The second point defines the direction of the z-axis. 
The third l i e s  in the plane of the azimuthal origin. The reference coordinate must be independ- 
ently defined. 

2 

Format and Example: 

Field Contents 

CID Coordinate system identification number (Integer > 0)  

RID Reference to  a coordinate system which i s  defined independently of new coordin- 
a t e  system (Integer 2 0 or blank) 

A1 ,A2 ,A3 
B1 ,B2,B3 Coordinates of three points in coordinate system defined in f i e ld  3 (Real) 
C1 ,C2,C3 

(Continued) 
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Remarks: 1 .  Continuation card must be present. 

2. The three points (Al, A2, A3), (Bl, 82, B3), (Cl, C2, C3) must be unique and non- 
col linear.  Noncoll ineari ty i s  checked by the geometry processor. 

3. Coordinate system identification numbers on a1 1 C0RD1 R ,  CQRDlC, CgRDlS, CPRDZR, 
C@RD2C, and CflRD2S cards must a l l  be unique. 

4. An RID of zero references the basic coordinate system. 

5. The location of a grid point ( P  in the sketch) in this  coordinate system i s  given 
by ( R ,  (3, @) where O and @ are measured in degrees. 

6. The displacement coordinate directions a t  P are shown above by (u,, u a ,  u@).  

7. Points-on the polar axis may not have the i r  displacement directions defined in th i s  
coordinate system since an ambiguity results.  
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Input Data Card CQDMEM Quadri 1 ateral  Element Connection 

: Defines a quadrilateral membrane element (QDMEM) of the structural model. 

Format and Example: 

1 2 3 4 5 6 7 8 9 10 
QDMEM I EID 1 PID I G1 1 62 1 63 1 64 1 TH I I 
QDMEM I 72 1 13 1 13 1 14 1 15 1 16 1 29.2 1 I 

Field Contents 

EI D Element identification number (Integer > 0) 

PID Identification number of a PQDMEM property card (Integer > 0) 

61 ,G2,G3,G4 Grid point identification numbers of connection points (Integer > 0; 
G1 # 62 # 63 # 64) 
Materi a1 property orientation angle in degrees (Real ) 
The sketch below gives the sign convention for  TH. 

Remarks: 1. Element identification numbers must be unique with respect to  other element 
identification numbers. 

2. Grid points G1 thru 64 must be ordered consecutively around the perimeter of the 
element. 

3.  A1 1 in te r ior  angles must be less  than 180". 
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Input Data Card CQDPLT Quadri 1 a t e r a l  Element Connection 

Descript.io17: Defines a quadr i la tera l  bending element (QDPLT) of the s t ruc tu ra l  model 

Fornla t and Example : 

Field -- Contents 

EI D Element iden t i f i ca t ion  number ( In teger  0) 

PID Iden t i f i ca t ion  number of a PQDPLT property card ( In teger  > 0) 

GI ,G2 ,G3,G4 Grid point  iden t i f i ca t ion  numbers of connection points ( In teger  > 0; 
G1 # 62 # 63 # 64) 

Material property o r i en ta t ion  angle in degrees (Real ) 
The sketch below gives the sign convention fo r  TH. 

Remarks : 1 .  Element iden t i f i ca t ion  numbers must be unique with respect  t o  a other  element -- 
i den t i f i ca t ion  numbers. 

2. Grid points G1 thru 64 must be ordered consecutively around the  perimeter o f  the 
element. 

3. All i n t e r i o r  angles must be l e s s  than 180". 

4. No s t ruc tu ra l  mass i s  generated by t h i s  element. 
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Input Data Card CQUAD1 Quadri 1 ateral  Element Connection 

Description: Defines a quadri 1 ateral membrane and bending element (QUAD1 ) of the structural model. 

Format and Example: 

Field Contents 

EI D Element identification number (Integer > 0) 

PID Identification number of a PQUADl property card (Integer > 0) 

GI ,G2 ,G3 ,G4 Grid point identification numbers of connection points (Integer > 0; 
GI f G2 f 63 # 64) 

TH Material property orientation angle in degrees (Real ) 
The sketch below gives the sign convention for TH. 

Remarks: 1 .  Element identification numbers must be unique with respect to  fl other element 
identification numbers. 

2. Grid points G1 thru 64 must be ordered consecutively around the perimeter of the 
element. 

3. All in te r ior  angles must be less than 180°. 
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Input Data Card CQUAD2 Quadri 1 ateral  Element Connection 

Description: Defines a homogeneous quadri la teral  membrane and bending element (QUAD2) of the 
structural model. 

Format and Example: 

Field 

1 2 3 4 5 6 7 8 9 10 

Contents 

EID Element identification number (Integer > 0) 

,QUAD2 
CQUADP 

PID Identification number of a PQUAD2 property card (Integer > 0) 

G 1 
13 

Grid point identification numbers of connection points (Integer > 0; 
GI # 62 # 63 # 64) 

EID 
72 

Materi a1 property orientati  on angle in degrees (Real ) 
The sketch below gives the sign convention fo r  TH. 

PI D 

13 
G 2 

14 

Remarks: 1. Element identification numbers must be unique with respect to  other element 
i denti f i  cation numbers. 

2. Grid points GI t h r u  64 must be ordered consecutively around the perimeter of the 
element. 

63 
15 

3. All in te r ior  angles must be less than 180'. 

64 
16 

TH 
29.2 

k 
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Input Data Card Rod Element Connection 

Description: Defines a tensi on-compressi on-torsi on element (RBD) of the structural model . 

Format and Example: 

Field Contents 

EI D Element identification number (Integer > 0) 

PID Identification number of a PRPD property card (Integer > 0) 
GI, 62 Grid point identification numbers of connection points (Integer > 0; G1 f 62) 

Remarks : Element identification numbers must be unique with respect to other element 
identification numbers. 

2. See CBNRBD for  alternative method of rod definition. 

3.  One or two ROD elements may be defined on a single card. 
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Input Data Card CSHEAR Shear Panel Element Connection 

Description: Defines a shear panel element (SHEAR) of the structural model. 

Format and Example: 

Field Con tents 

EID Element identification number (Integer > 0) 

PI0 Identification number of a PSHEAR property card (Integer > 0) 

Gl , 62, 63 ,  64 Grid point identification numbers of connection points (Integer > 0; 
GI # 62 # 63 # 64) 

Remarks: 1. Element identification numbers must be unique with respect t o  811 other element 
identification numbers. 

2.  Grid points G1 thru 64 must be ordered consecutively around the perimeter of the 
element. 

3.  All in te r ior  angles must be less than 180". 
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Input Data Card CTgRDRG Toroi dal Ring Element Connection 

Description: Defines an axisymmetric toroidal cross-section ring element (TflRDRG) of the 
structural model. 

Format and Example: 

Field Contents 

EI D Element identification number (Integer > 0) 

PID Property identification number (Integer > 0) 

GI, 62 Grid Point identification numbers of connection points (Integer > 0; G1 f 62) 

A1 Angle of curvature a t  grid point 1 in degrees ( ~ e a l  ; 0" 5 A1 2 180") 

A2 Angle of curvature a t  grid point 2 in degrees (Real; 0" < A2 5 180") 

Axi s 
of 

Symmetry 

Remarks: 1 .  Element identification numbers must be unique with respect t o  other element 
identification numbers. 

2. Grid points GI and 62 must l i e  in the x-z plane and to the right of the axis of 
symmetry (the z-axis). 
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Input Data Card CTRAPRG Trapezoidal Ring Element Connection 

Descri t ion: Defines an axisymmetric trapezoidal cross-section element (TRAPRG) of the 
&model without reference t o  a property card. 

Format and Example: 

Field Contents 

EI D Element identification number (Integer > 0) 

61 ,62,G3,64 Grid point identification number of connection points (Integers z 0; 
G1 f 62 f 63 f 64) 

TH 

MID 

Material property orientation angle in degrees (Real) - The sketch below gives 
the sign convention for  TH. 

Material property identification number (Integer > 0) 

Axi s 

Symnetry 

Remarks: 1. Element identification numbers must be unique with respect to  - a l l  other element 
identification numbers. 

2. The four grid points must l i e  in the x-z plane of both the basic and any local 
coordinate systems and to the r ight  of the axis of symmetry (the z-axis). 

3. Grid points 61, 62, 63 and 64 must be ordered counterclockwise around the perimeter 
of the element as in the above sketch. 

4. The l ine connecting grid points G1 and 62 and the l i ne  connecting grid points 63 and 
64 must both be parallel to the x-axis. 

5. All in te r ior  angles must be less than 180". 

6 .  The materi a1 property identification number must reference only a MAT1 or  MAT3 card. 
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Input Data Card CTRBSC Triangular Element Connection 

Description: Defines a basic triangular bending element (TRBSC) of the structural model. 

Format and Example: 

Field Contents 

EID Element identification number (Integer > 0) 
PID Identification number of a PTRBSC property card (Integer > 0) 
G1 ,G2,G3 Grid point identification numbers of connection points (Integer > 0 ;  

GI # 62 # 63 ) 

1 2 3 4 5 6 7 8 9 10 - 

TH Material property orientation angle in degrees (Real) - The sketch below gives 
the sign convention for  TH. 

CTRBSC 

CTRBSC 

Remarks: 1. Element identification numbers must be unique with respect to other element 
identification numbers. 

2. Inter ior  angles must be less  than 180'. 

3. No structural mass i s  generated by th i s  element. 

- 
EID 

16 

PID 

2 

GI 

12 

G 2 

1 

63 
3 

TH 

16.2 
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Input Data Card CTRIAI Triangular Element Connection 

Description: Defines a triangular membrane and bending element (TRYA1) of the structural model, 

Format and Example: 

CTRIAl 1 16 1 2 

Field Contents 

EI D Element identification number (Integer > 0)  

PID Identification number of a PTRIAl property card (Integer > 0) 

61 ,G2,G3 Grid point identification numbers of connection points (Integer > 0; 
Gl # 62 # 63) 

Material property orientation angle in degrees (Real) - The sketch below g i v e s  
the sign convention for  TH. 

Remarks : 1. Element identification numbers must be unique with respect to other element 
identification numbers. 

2. Inter ior  angles must be less than 180". 
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Input Data Card CTRIA2 Triangular Element Connection 

Description: Defines a triangular membrane and bending element (TRIA2) of the structural model. 

Format and Example: 

Field Contents 

1 2 3 4 5 6 7 8 9 10 

EID 

PID 

Element identification number (Integer > 0) 

Identification number of a PTRIA2 property card (Integer > 0) 

Grid point identification numbers of connection points (Integer > 0;  
G1 # 62 # 63) 

G1 

12 

PID 

2 

CTRIA2 

CTRIA2 

Material property orientation angle i n  degrees (Real) - The sketch below gives 
the sign convention for  TH. 

EI D 

16 

Remarks: 1. Element identification numbers must be unique with respect to other element 
identification numbers. 

2. Inter ior  angles must be less than 180'. 

G 2 

1 

63 

3 

TH 
16.2 
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Input Data Card CTRIARG Triangular Ring Element Connection 

Description: Defines an Axisymlnetric t r i angu la r  cross sec t ion element (TRIARG) of the  
s t ruc tu ra l  model without reference to  a property card.  

Format and Example: 

Field 

1 2 3 4 5 6 7 8 9 10 

Contents 

EID Element iden t i f i ca t ion  number ( In teger  > 0 )  

G1 

12 

GI, 62, 63 Grid point  iden t i f i ca t ion  numbers of connection points ( In tegers  > 0; 
G1 f 62 # 63) 

TH Material property or ienta t ion angle in  degrees (Real) - The sketch below gives 
the sign convention f o r  the  TH. 

63 
14 

G 2 
Ppp-pp 

13 

MID Material i den t i f i ca t ion  number ( In tege r  > 0)  

Axis 
of 

Symmetry ' 

TH 

29.2 

Remarks: 1 .  Element iden t i f i ca t ion  numbers must be unique with respect  to a l l  o ther  element - i den t i f i ca t ion  numbers. 

MID 

17 

2. The g r id  points must l i e  in the  x-z plane of both t h e  basic and any local  
coordinate systems and to  the  r igh t  of the axis of symmetry ( the  z-axis) .  

3. Grid points GI, 62 and 63 must be ordered counterclockwise around the  perimeter 
o r  the  element as in the above sketch. 

4. The material property iden t i f i ca t ion  number must reference only a MAT1 o r  MAT3 card. 
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Input Data Card CTRMEM Triangular Element Connection 

Description: Defines a triangular membrane element (TRMEM) of the structural model . 

Format and Example: 

Field Contents 

CTRMEM 1 16 1 2 1 12 1 1 

EI D Element identification number (Integer > 0)  

PID Identification number of a PTRMEM property card (Integer > 0) 

1 
- 

-. 3 1 16.3 1 

Grid point identification numbers o f  connection points (Integer > 0; 
G1 # 62 # 63) 

I 

Material property orientation angle in degrees (Real) - The sketch below gives 
the sign convention fo r  TH. 

Remarks: 1. Element identification numbers must be unique with respect to  fl other element 
identification numbers. 

2. Inter ior  angles must be less than 180'. 
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Input Data Card CTRPLT Triangular Element Connection 

Description: Defines a triangular bending element (TRPLT) of the structural model . 

Format and Example: 

Field Contents 

EI D Element identification number (Integer > 0) 

PID Identification number of a PTRPLT property card (Integer > 0) 

G1 ,G2,G3 Grid point identification numbers of connection points (Integer > 0; 
G1 f 62 f 63) 

TH Material property orientation angle in degrees (Real) - The sketch below gives 
the sign convention for TH. 

Remarks: 1 .  Element identification numbers must be unique with respect to other element 
identification numbers. 

2. Inter ior  angles must be less than 180'. 

3. No structural mass i s  generated by th i s  element. 
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Input Data Card CTUBE Tube Element Connection 

Description: Defines a tension-compression-torsion element (TUBE) of the structural model . 

Format and Example: 

Field Contents 

EI D Element identification number (Integer > 0) 

PI D Identification number of a PTUBE property card (Integer > 0) 

GI, 62 Grid point identification numbers of connection points (Integer > 0; G1 # 62) 

Remarks: 1. Element identification numbers must be unique with respect to  all other element 
identification numbers. 

2. One or  two TUBE elements may be defined on a single card. 
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Input Data Card CTWIST Twist Panel Element Connection 

Description: Defines a twist panel element (TWIST) o f  the structural model 

Format and Example: 

1 ? 3 4 5 6 7 8 9 10 

Field Contents 

EID 
PID 

Element identification number (Integer > 0) 
Identification number of a PTWIST property card (Integer > 0) 

GI ,G2,G3,G4 Grid point identification numbers of connection points (Integer > 0; 
G I  # 62 # 63 # 64) 

Remarks: 1. Element identification numbers must be unique with respect to all other element 
identification numbers. 

2. Grid points G1 thru 64 must be ordered consecutively around the perimeter of the 
element. 

3. All in te r ior  angles must be less than 180". 



NASTRAN DATA DECK 



BULK DATA DECK 

Input Data Card CVISC Viscous Damper Connection 

Description: Defines a viscous damper element (VISC) of the structural model. 

Format and Example: 

Field Contents 

EID Element identification number (Integer > 0) 

PID Identification number of PVISC property card (Integer > 0) 

GI, 62 Grid point identification numbers of connection points (Integer > 0; GI # 62) 

VISC 

VISC 

Remarks: 1. Element identification numbers must be unique with respect to other element 
identification numbers. 

2. One or two VISC elements may be defined on a single card. 

EID 

21 

PID 

6327 

G 1 

29 

G2 

31 

EID 

22 
PID 1 G1 I 62 1 

6527 1 35 1 33 1 
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Input Data Card DAREA Dynamic Load Scale Factor 

Description: This card i s  used in  conjunction with the  RLPAD1, RLPAD2, TLgADl, and 'bjdAD2 -- 
data cards and defines the point  where the  d.ynamic load i s  t o  be applied with the sca le  
( a rea )  f ac to r  A. 

Format and Example: 

Field -- Contents 

SI D Iden t i f i ca t ion  number of DAREA s e t  ( In teger  > 0 )  

P Grid o r  s c a l a r  point  iden t i f i ca t ion  number ( In teger  > 0) 

C Component number (1-6 f o r  g r id  point ;  blank o r  0 f o r  s c a l a r  poiiit) 

A Scale ( a rea )  f ac to r  A f o r  the  designated coordinate (Real) 

Remarks : -- One o r  two dynamic load time delays may be defined on a s ing le  card. 
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input Data Card DEFORM Element Deformation 

Description: Defines enforced axial deformation for  one-dimensional elements fo r  use in s t a t i c s  
problems. 

Format and Example: 

Field Contents 

SI D Deformation s e t  identification number (Integer > 0) 

EI D Element number (Integer > 0)  

D Deformation (+ = elongation) (Real ) 

Remarks: 1. The referenced element must be one-dimens ional ( i  . e . ,  a ROD (including CgNROD) , 
TUBE o r  B A R ) .  

2. Deformation sets  must be selected in the Case Control Deck (DEFORM=SID) to be 
used by NASTRAN. 

3.  From one t o  three enforced element deformations may be defined on a single card. 
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Input Data Card DELAY Dynamic Load Time Delay 

Description: This card i s  used in  conjunction with the  RLgAD1, RLOAD2, TLOAD1 and TLgAD2 
data cards and defines the time delay term T in  the equations of the  loading function.  

Format and Exampl e: 

Field Contents 

1 2 3 4 5 6 7 8 9 10 

SI D Iden t i f i ca t ion  number of DELAY s e t  ( In t ege r  > 0)  

P Grid o r  s c a l a r  point  iden t i f i ca t ion  number ( In teger  > n! 
C Component number (1-6 f o r  gr id  point ,  blank o r  0 f o r  s c a l a r  po in t )  

T Time delay T f o r  designated coordinate (Real) 

Remarks : One o r  two dynamic load time delays may be defined on a s ingle  card. 

T 
8.1 

DELAY 
DELAY 

C 
6 

SID 
5 

P 
7 

T 
4.25 

P 
2 1 

C 
6 
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Input Data Card DLBAD Dynamic Load Combination (Superposition) 

Description: Defines a dynamic loading condition for  frequency response or transient response 
problems as a l inear combination of load se t s  defined via RLflAD1 or  RLBAD2 cards (for  frequency 
response) or TLBAD1 or TLBAD2 cards ( for  transient response). 

Format and Example: 

Field Contents 

SID 

S 

Load s e t  identification number (Integer > 0) 

Scale Factor (Real ) 

Si Scale Factors (Real ) 

Li Load s e t  identification numbers defined via card types enumerated above 
(Integer > 0) 

Remarks: 1. The load vector being defined by th i s  card i s  given by 

2. The Li must be unique. 

3. SID must be unique from a l l  Li. 

4. Nonlinear t ransient  loads may not be included; they are selected separately in the 
Case Control Deck. 

5 .  Linear load s e t s  must be selected in the Case Control Deck (DL@AD=SID) to be used 
by NASTRAN . 

6 .  A DLBAD card may not reference a s e t  identification number defined by another DLPAD 
card. 

7. TLbADl and TLBADP loads may be combined a t h r u  the use of the DLPAD card. 

8. RLBADl and RLBAD2 loads may be combined only_ thru the use of the DLPAD card. 

9. SID must be unique for  a1 1 TLBAD1, TLIAD2, RLPAD1, and RLIAD2 cards. 
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liiput Data Card Direct Matrix I n p u t  

Description: Used t o  define matrix data blocks direct ly .  Generates a matrix of the form 

.. ".......... 

.............. 
CAI = 

.. ""...........".. 

where the elements Ai may be real or  complex single-precision numbers. 

Formats and Example: (The f i r s t  logical card i s  a header card.) 

Field 

NAME 

TIN 

TGUT 

Contents 

Any NASTRAN BCD value (1-8 alphnuneric characters, the f i r s t  of which must be 
alphabetic) which will be used in the MAP sequence t o  reference the data block 
1 Square matrix (not symmetric) 
2 General rectangular matrix 
6 Symmetric matrix 

Type of matrix being input as follows: 
1 Real, single-precision (One f ie ld  is  used per element) 
3 Complex, single-precision (Two f ields  are used per element) 

Type of matrix which wi 11 he created 
1 Real , sing1 e-precision 3 Complex, single-precision 
2 Real , double-preci sion 4 Complex, double-prec~s~on 
Number of rows in A (Integer > 0) 

Number of columns in A (Integer > 0 )  

Column number of A (Integer > 0) 

Row number of A (Integer > 0) 

Element of A (See TIN) (Real) 

(Continued) 
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Remarks: 1 .  The user must wri te  a DMAP ( o r  make a l t e r a t i o n s  to  a r i g i d  format) in  order t o  use -- 
the DM1 feature  since he i s  defining a data block. All of the  ru les  governing t h e  
use of data blocks in  DMAP sequences apply. In the  example shown above, the  data  
block QQQ i s  defined t o  be the  complex, single-precision rectangular 4x2 matrix 

The DMAP data block NAME (QQQ i n  the  example) wi l l  appear i n  the i n i t i a l  FIAT and 
the data  block will  i n i t i a l l y  appear on the Data Pool Fi le  (PflgL). 

2. A l i m i t  t o  the  number of DM1 ' s  which may be defined i s  s e t  by the s i z e  of the  Data 
Pool Dictionary. The t o t a l  number of DMI's may not exceed t h i s  s i z e .  

3. There a r e  a number of reserved words which may not be used f o r  DM1 names. Among 
these a re  PgDL, NPTP, gPTP, UMF, NUMF, PLT1, PLT2, INPT, GEflM1, GEPM2, GE0M3, GE0M4 
GEflM5, EDT, MPT, EPT, DIT, DYNAMICS, IFPFILE, AXIC, FPRCE, MATPPPL, PCDB, XYCDB, 
CASECC, any DTT names, and SCRATCHl thru SCRATCH9. 

4.  Field 3 of the  header card must contain an in teger  0. 

5. For symmetric matrices,  t he  e n t i r e  matrix must be input.  

6. Only nonzero terms need be entered.  
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Input Data Card Direct Matrix Input a t  Grid Points 

Description: Defines structure-related direct  input matrices. 

Format and Example: 

DMIG 1 NAME I GJ 1 CJ I>-=1 G1 I C1 I Xi j I Yij l ~ a b c  1 
DMIG I STIF 1 27 1 1  I 1 2  1 3  1 3.%5 13 .+3  ~ E K G I  I 

Field Contents 

NAME BCD name of matrix (one to  eight alphanumeric characters the f i r s t  of which i s  
alphabetic) 

1 FB 1 Square matrix 
2 General rectangular matrix 
6 Symmetric matrix 

TIN Type of matrix being input as follows: 
1 Real, single-precision (One f ie ld  i s  used per element) 
3 Complex, single-precision (Two f ields  are used per element) 

TBUT Type of matrix which will be created 
1 Real , s i  ngl e-precision 3 Complex, single-preci sion 
2 Real, double-precision 4 Cmpf ex, double-precision 

GJ, GI Grid or scalar  or  extra point identification number (Integer > 0) 
CJ, CI Component number fo r  GJ a grid point (0 < CJ 1 6 ) ;  blank or zero for  GJ a 

scalar or  extra point 

x i j ,  Y i j  Real and imaginary parts of matrix element 

Remarks: 1 .  Matrices defined on th i s  card may be used in dynalnics b selection i a  t h ~  Case 
Conrrol Decv by KPPP=NAME, B2PP=NARE, or  M2PP=NAME for  [K' 1, [B2 1, or [M' 1, 
respect! vely. PP PP PP 

2. In addition t o  the header card containing IF@, TIN and TBUT, a logical card 
consisting of one or more physical cards i s  needed for each nonnull column o f  
the matrix. 

3. If  TIN = 1 ,  Y i j  must be blank. 

4. Field 3 of the header card must contain an integer 0. 

5.  For symmetric matrices, the ent i re  matrix must be input. 

6 .  Only nonzero terms need be entered. 
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Input Data Card DPHASE Dynamic Load Phase Lead 

Descri t i  on: This card i s  used in conjunction with the RLPAD1 and RLgAD2 data cards to  define the 
p ase ead term e in the equation of the loading function. + 
Format and Example: 

Field Con tents 

SID Identification number of DPHASE s e t  (Integer > 0) 

P Grid or  scalar  point identification number (Integer > 0) 

C Component number (1-6 for  grid point, 0 or  blank fo r  scalar  point) 
TH Phase lead e ( in  degrees) for  designated coordinate (Real ) 

Remarks : One or'two dynamic load phase lead terms may be defined on a single card. 
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Input Data Card DSFACT Differential Stiffness Factors 

Description: Used t o  define scale factors for  applied loads and s t i f fness  matrices in a 
Differential Stiffness Analysis. 

Format and Example: 

Field Contents 

SI D Set identification number (Unique Integer > 0) 

Bi Scale factor (Real ) 

Remarks: 1 .  Load se t s  must be selected in the Case Control Deck (DSC@=SID) t o  be used by NASTRAN. 

2 .  All f i e lds  following the l a s t  entry must be blank. 

3. An e r ror  i s  detected i f  any continuation cards follow the l a s t  entry 
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Input Data Card Q Direct Table Input 

Description: Used to define table data blocks direct ly ,  

Format and Example: (The f i r s t  logical card i s  a header card) 

k l l  4 1 -6.2 1 2.9 1 1 I DEF I -1 I 
Field Contents 

NAME 

Ti 

NKEC 

IREC 

V 

Any NASTRAN BCD value (1-8 alphanumeric characters, the f i r s t  of wh.ich must 
be alphabetic) which will be used in the MAP sequence to  reference the 
data block 
Trai ler  values (65535 2 Integer 2 0) 

Number of records in the data block excluding the header record (Integer > 0) 

Record Number (NREC 2 IREC > 0)  

Value (blank, integer,  real , BCD (except "ENDREC") , double precision) 

ENDREC The BCD value ENDREC which flags the end of the s t r ing of values that  con- 
s t i  t u t e  logical record IREC 

Remarks: 1. If records are encountered for which IREC > NREC,  an error will be detected. 

2. Records may be made as long as desired via continuation cards. 

3. Values may be of any type (blank, integer, r e a l ,  BCD,  double precision) with the 
exception that  a BCD value may not be "ENDREC". 

4. All f ie lds  following ENDREC must be blank. 

5. The user must write a DMAP (or make al terat ions t o  a rigid format) in order to  
use the DTI feature since he i s  defining a data block. All of the rules governing 
the use of data blocks in DMAP sequences apply. 

6. The DMAP data block NAME ( X X X  in the example) will appear in the i n i t i a l  FIAT and 
the data block will i n i t i a l l y  appear on the PpfJL. 

7. There must be NREC logical cards in addition to  the header card. These must have 
IREC values 1 thru NREC. 

8. If t r a i l e r  i s  not specified, TI = NREC, 12 thru T6 = 65535. 
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Input Data Card .EIGJ3- Buck1 ing Analysis Data 

Description: Defines data needed to perform buck1 ing analysis. 

Format and Example : 

Field 

SI D 

METHBD 

L1, L2 

NEP 

NDP, NDN 

E 

N0 RM 
G 

1 2 3 4 5 6 7 8 9 10 

Contents 

Set identification number (Unique integer > 0) 

tabc 

+BC 

One of the BCD values "INV" o r  "DET" 

G NORM 
MAX 

Eigenvalue range of interest  (Real ; L1 < L2 > 0.0) 

Estimate of number of roots in positive range (Integer > 0) 

C 

Desired number of positive and negative roots (Default = 3 NEP) (Integer > 0) 

Convergence c r i t e r i a  (optional ) (Real 2 0.0) 

One of the BCD values "MAX" or "PBINT" 

Grid or scalar point identification number (Integer > 0) (Required i f  and only 
i f  N0RM = "P0INT") 

Component number (One o f t h e  integers 1-6) (Required i f  and only i f  NP)RM="PBINT" 
and G i s  a geometric grSd point) 

Remarks: 1. Buckling analysis root extraction data s e t s  must be selected in the Case Control 
Deck (METHBD = SID) t o  be used by NASTRAN. 

2 2. The units of Ll and L2 are (radians per unit  time) . 
3 .  The continuation card i s  required. 

4. For E = 0.0, no off-diagonal modal mass terms are computed. 

5. If METHOD = DET, L1 must be greater than or equal to 0.0. 



NASTRAN DATA DECK 



BULK M T A  BECK 

I n p u t  Data Card EIGC Complex Eigenval ue Extraction Data 

Description: Defines data needed t o  perform complex e i  genval ue analysis 

Format and Example: 

Field Contents 

SID Set iden t i f i ca t ion  number (Unique integer  > 0)  

METHOD One of the BCD values "INV" or  "DET" 

N0w One of the BCD values "MAX" or  "P!JINTU 
Grid or scalar  point iden t i f i ca t ion  number (required i f  and only i f  N!JRM=P!JINT) 
(Integer > 0) 

Component number (required i f  and only i f  NORM="PP)INTtl and G i s  a geometric grid 
point)  (0 5 integer 2 6)  

Convergence c r i t e r ion  (optional ) (Real 2 0.0) 

Two complex points defining a l ine  in the complex plane (Real) 

R Width of region in complex plane (Real > 0.0) 
j 

Ne j Estimated number of roots i n  each region ( I n t e g e r s  0) 

Ndj  Desired number of roots in each region (Default i s  3N .) (Integer > 0)  
(Continued) e J 
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E I G C  (cont ,  ) 

Remarks: 1 .  Each continuati  on card defines a rectangular search region. Any number of regions 
may be used and they may overlap. Roots i n  overlapping regions w i  11 not be ext rac ted  
more than once. 

2. Complex eigenvalue ext rac t ion data s e t s  must be se lec ted  i n  t h e  Case Control Deck 
(CMETHflD=SID) t o  be used by NASTRAN. 

3 .  The uni ts  of a, w a re  radians per un i t  time. 

4. A t  l e a s t  one continuation card i s  required. 
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Input Data Card Poles i n  Complex Plane 

Description: Defines poles that  are used in complex eigenvalue extraction. 

Format and Example: 

Field - Contents 

SID Set identification number (Integer > 0) 

(a ,w)  Coordinates of point in complex plane (Real) 
M Mu1 t i p l i c i  ty of complex root a t  pole defined by (a,w) (Integer > 0) 

Remarks: 1. Defines poles in complex plane that  are used with associated EIGC card having same 
s e t  number. 

2 .  The units of a , w  are radians per unit  time. 

3. Poles are used only in the Determinent Method. 

4. One or  two poles may be defined on a single card. 
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Input Data Card !XGJ- Real Eigenval ue Extraction Data 

Description: Defines data needed to perform real eigenvalue analysis. 

Format and Example: 

Field Contents 

SI D Set identification number (Unique integer > 0) 

METHBD One of the BCD values "INV" , "DET" or  "GIV" 

F1, F2 Frequency range of in te res t  (required for  METHBD = "DET" or "INV") (Real > 0.0; 
F1 < F2). Frequency range over which eigenvectors are desired for  METHBD = "GIV". 
The frequency range i s  ignored i f  ND > 0, in which case the eigenvectors fo r  the 
f i r s t  ND-positive roots are found. (Real, F1 = 0.0, F2 > 0.0) 

NE Estimate of number of roots in range (required for  METHBD = "DET", "INVE1) 
(Integer > 0) 

Desired number of roots for  METHBD = "DET" or "INV" (Default i s  3 N E )  
(Integer > 0)  Desired number of eigenvectors for  METHBD = "GIV" (Default i s  
zero) (Integer 2 0) 

NZ Number of f ree body modes (optional - used only i f  METH0D="DETM) (Integer 2 0) 

E Mass orthoganali ty t e s t  parameter (defalut i s  0.0 which means no t e s t  will be 
made) (Real > 0.0) 

NBRM One of the BCD values "MASS", "MAX" or  "PBINT" 

G Grid or  scalar point identification number (required i f  and only i f  N@RM="PllINT1') 
(Integer > 0) 

Component number (One of the integers 1-6) (Required i f  and only i f  NBRM="P@INTN 
and G i s  a geometric grid point) 

Remarks: 1. Real eigenvalue extraction data se t s  must be selected in the Case Control Deck 
(METHBD = SID) to  be used by NASTRAN. 

2 .  The units of F1 and F2 are cycles per unit time. 

3 .  The continuation card i s  required. 

4. I f  METHPD = "GIV" , a1 l ei genval ues are found. 
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Input Data Card EPOINT Extra Point 

Description: Defines extra points of the structural model for  use in dynamics problems. 

Format and Example: 

A1 ternate Form 

Field Contents 

ID,ID1 ,ID2 Extra point identification number (Integer > 0;  ID1 i ID2) 

Remarks: 1. Identification numbers of points defined by GRID, SPflINT and EPflINT cards and scalar  
points defined on scalar  element connection cards must fl be unique. 

2. This card i s  used to  define coordinates used in t ransfer  function definitions (see 
T F  card). 

3. If the al ternate  form i s  used, extra points ID1 thru ID2 are defined. 
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Input Data Card FgRCE Stat ic  Load 

Description: Defines a s t a t i c  load a t  a grid point by specifying a vector. 

Format and Example: 

Field Contents 

SI D Load s e t  identification number (Integer > 0 )  

G Grid point identification number (Integer > 0) 

CID Coordinate system identification number (Integer z 0) 

F Scale factor (Real) 

N1 ,N2,N3 Compzents of Vector measured in coordinate system defined by CID (Real; 
N1 + N22 + N32 TOT 

Remarks: 1. The s t a t i c  load applied t o  grid point G i s  given by 

7 = F (N1 ,N2,N3). 

2. Load se t s  must be selected in the Case Control Deck (L@AD=SID) to be used by NASTRAN. 

3. A CID of zero references the basic coordinate system. 
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Input Data Card FgRCEl S ta t ic  Load 

Description: Used t o  define a s t a t i c  load by specification of a value and two grid points which 
determine the direction. 

Format and Example: 

Field Contents 

SID Load s e t  identification number (Integer > 0) 

G Grid point identification number (Integer > 0) 

F Value of load (Real ) 

GI, 62 Grid point identification numbers (Integer > 0; GI f 62) 

Remarks: 1.  The direction of the force i s  determined by the vector from G1 to  62. 

2. Load s e t s  must be selected in the Case Control Deck (L@AD=SID) t o  be used by NASTRAN. 
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Input Data Card FORCE2 S t a t i c  Load 

Description-: Used t o  define a s t a t i c  load by speci f ica t ion of a value and four g r id  points  which 
determine the  d i r ec t ion .  

Format and Example: 

Field Contents 

SID Load s e t  i den t i f i ca t ion  number ( In teger  > 0)  

G Grid point  iden t i f i ca t ion  number ( In teger  > 0) 

F Value of load (Real ) 

GI ,G2,G3,G4 Grid point  iden t i f i ca t ion  numbers ( In teger  > 0; G1 f G2; 63 f G4) 

Remarks: 1 .  The di rec t ion of the force i s  determined by the  vector product whose f ac to r s  a r e  
vectors from GI t o  62 and 63 t o  64 respect ively .  

2. Load s e t s  must be se lec ted  in the Case Control Deck (LbAD=SID) to  be used by NASTRAN. 
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Input Data Card FORCEAX Conical Shell S ta t ic  Load 

Description: Defines a s t a t i c  loading of a conical shell coordinate 

Fonnat and Example: 

1 2 3 4 5 6 7 8 9 10 

Field Con tents 

SID Load s e t  identification number (Integer > 0) 

RID Ring identification number (see RINGAX) (Integer > 0) 

HID Harmonic identi f i  cation number (Integer 2 0) 

S Scale factor for  load (Real) 

Load components in r, I$, z directions (Real) 

Remarks: 1 .  This card i s  allowed i f  and only i f  an AXIC card i s  a lso present. 

2. Axisymmetric shell  loads must be selected in the Case Control Deck (LBAD=SID) to  be 
used by NASTRAN. 

3.  A separate card i s  needed for  the definition of the force associated with each 
harmoni c. 

4. For a discussion of the conical shell  problem, see Section 5.9 of the Theoretical 
Manual. 
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Input Data Card FRE4 Frequency List 

Description: Defines a s e t  of frequencies to be used in the solution of frequency response 
problems. 

Format and Exampl e : 

Field Contents 

SID Frequency s e t  identification number (Integer > 0) 

F Frequency value (Real > 0.0) 

Remarks: 1. The units for the frequencies are cycles per unit time. 

2. Frequency sets  must be selected in the Case Control Deck (FREQ=SID) to  be used by 
NASTRAN. 

3. All FREQ, FREQ1 and FREQ2 cards must have unique frequency s e t  identification 
numbers. 
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Input Data Card FREQl Frequency List 

Descri t i  on: Defines a s e t  of frequencies to be used in the solution of frequency response 
specification of a s tar t ing frequency, frequency increment, and number of increments 

des i red. 

Format and Example: 

Field Contents 

SID Frequency s e t  identification number (Integer > 0) 

F1 Firs t  frequency in s e t  (Real 2 0.0) 

DF Frequency increment (Real > 0.0) 

NDF Number of frequency increments (Integer > 0) 

Remarks: 1. The units f o r  the frequency F1 and the frequency increment DF are cycles per unit 
time. 

2. The frequencies defined by this  card are  given by 

f i  = F 1 + ( i - 1 ) D F ,  i = 1 , N D F t l  

3 .  Frequency se t s  must be selected in the case Control Deck (FREQ=SID) t o  be used by 
NASTRAN . 

4. All FREQ, FREQl and FREQ2 cards must have unique frequency s e t  identification 
numbers. 
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Input Data Card FREQZ Frequency Lfst 

Description: Defines a s e t  of frequencies to be used in the solution of frequency response 
problems by specification of a s tar t ing frequency, final frequency, and number of Iogari ttttnic 
increments desired. 

Format and Example: 

Field Contents 

SID Frequency s e t  identification number (Integer > 0) 

Fl F i r s t  frequency (Real > 0.0) 

F2 Last frequency (Real > 0.0; F2 > F1) 

NF Number of logarithmic intervals (Integer > 0) 

Remarks: 1. The units f o r  the frequencies F1 and F2 are cycles per u n i t  time. 

2. The frequencies defined by this  card are  given by 

f i  = F1-e ( i - l )d  
J i = 1,2, ..., NF + 1 

where 

For the example shown, the l i s t  of frequencies will be 1 . O ,  10.0, 100.0, 1000.0, 
10000.0, and 100000.0 cycles per u n i t  time. 

3. Frequency se t s  must be selected in the Case Control Deck (FREQ=SID) to  be used by 
NASTRAN . 

4. All FREQ, FREQl and FREQ2 cards must have unique frequency s e t  identification 
numbers. 
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Input Data Card GENEL General Element 

Description. : Defines a general element in terms of i t s  transformation matrices - 

where 

where [ z l T  = [Z] 

The required information l i s t s  are {ui} and dud); the matrices needed are [Z]  and [S]. 

Format: (An example i s  given on the following page.) 

(continued) 



GENEL (cont. ) 

Field Contents 

EI D Unique element identification number, a positive integer 
UI1, CI1 

Identification numbers of coordinates in the UI or U D  l i s t ,  in sequence corres- 
UD1, CD1 ponding t o  the [ZI- and [SI-mstrices 
etc.  

Values of the transfer matrices [Z] and [S], ordered by row (only from the diagonal 
for [Z]) according to the UI- and UD- l i s t s  

IIUDII ,  HZ", US" BCD data words which indicate the s t a r t  of data belonging t o  UD , [Z],  or [S] 

Example: Let element 629 be defined by 

(ui] = [ I  -1,13-4,42,24-21 T 

where i - j  means the jth component of grid point i 

The data cards necessary to  input this  general element are shown below 



BULK DaTA DECK 

Input Data Card Gravity Vector 

Description: Used to define gravity vectors for use in determining gravity loading for the 
structural model. 

Format and Example: 

Field - Contents 

1 2 3 4 5 6 7 8 9 10 

SID Set ident i f icat ion number (Integer > 0 )  

CI D Coordinate system identification number (Integer 2 0) 

G Gravity vector scale factor  (Real) 

N1, N2, N3 Gravity vector components (Real; N12 + N22 + N32 > 0.0) 

Remarks : 1. The gravity vector i s  defined by 

GRAV 

GRAV 

2. A CID of zero references the basic coordinate system. 

SID 

1 

CI D 

3 

3. Gravity loads may be combined with "simple loads" (e.g., FBRCE, MBMENT) only by 
specification on a LPAD card. That i s ,  the SID on a GRAV card may not be the same 
as that  on a simple load card. 

4. Load sets  must be selected in the Case Control Deck (LpAD=SID) t o  be used by 
NASTRAN . 

G 

32.2 

N1 

0.0 

N2 

0.0 

N3 

-1 .O 
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B U L K  DATA DECK 

Input Data Card GRDSET Grid Point Default 

Description: Defines default  options for  f ie lds  3. 7 and 8 of a l l  GRID cards 

Format and Example : 

Field Contents 

CP ~den t i f i c a t i on  number of coordinate system in which the location of the grid 
point i s  defined (Integer 2 0) 

Identification number of coordinate system in which displacements are measured 
a t  grid point (Integer 0 )  

PS Permanent s i  ngle-point constraints associated with grid point (any of the d ig i t s  
1-6 with no imbedded blanks) (Integer 2 0) 

Remarks: 1 .  The contents of f ie lds  3, 7 o r  8 of th i s  card are assumed for  the corresponding 
f ie lds  of any GRID card whose f ie ld  3, 7 and 8 are blank. If any of these f ie lds  
on the GRID card are blank, the default  option defined by th i s  card occurs fo r  
that  f ie ld .  If  no pennanent single-point constraints are desired o r  one of the 
coordinate systems i s  basic, the defa~l-t may be overridden on the GRID card by 
making one of f ie lds  3, 7 or  8 zero (rather than blank). Only one GRDSET card may 
appear in the user's Bulk Daza ueck. 

2. The primary purpose of th i s  card i s  t o  minimize the burden of preparing data for 
problems with a large amount of repetition (e.g., two-dimensional pinned-joint 
problems). 

3. A t  l e a s t  one of the entr ies  CP, CD,  or  PS must be nonzero. 
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BULK DATA BECK 

Input Data Card Q Grid Point 

Description: Defines the location of a geometric grid point of the structural model, the direc- 
tions of i t s  displacement, and i t s  permanent single-point constraints. 

Format and Example: 

Field Contents 

ID Grid point identification number (Integer > 0) 

CP Identification number of coordinate system in which the location of the grid 
point i s  defined (Integer L 0 or blank*). 

X1 ,X2,X3 Location of the grid point in coordinate system CP (Real) 

CD Identification number of coordinate system in which displacements, degrees of freedom, 
constraints,  and solution vectors are defined a t  the grid point (Integer 2 0 or blank*) 

PS Permanent single-point c o n ~ t r a i  nts associated with grid point (any of the digi ts  
1-6 with no imbedded blanks) (Integer L 0 or blank*) 

Remarks: 1. Identification numbers of points defined by GRID, SPlINT and EPlINT cards and scalar -- 
points defined on scalar element connection cards must all be unique. 

2. The meaning of XI, X2 and X3 depend on the type of coordinate system, CP,  as 
fol l  ows : (see CPRD- card descriptions) 

3. The collection of a l l  CD coordinate systems defined on a l l  GRID cards i s  called the 
Global Coordinate System. All degrees-of-freedom, constraints,  and solution vectors 
are expressed in the Global Coordinate System. 

* See the GRDSET card for default options for f ie lds  3 ,  7 and 8. 
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Input Data Card LJAJ Sta t ic  Load Combination (Superposi t ion)  

Defines a s t a t i c  load as a l inear  combination o f  load sets  defined via FQIRCE, 
El, MQIMENTl , F0RCE2, MQIMENT2, PLPAD, PLBAD2, SLBAD, RFPRCE and GRAV cards. 

Format and Example: 

Field 

(etc  . ) 
Contents 

SI D Load s e t  identification number (Integer > 0) 

S Scale factor (Real) 

S i Scale factors (Real ) 

Li Load s e t  identification numbers defined via card types enumerated above 
(Integer > 0) 

Remarks: 1. The load vector defined i s  given by 

2. The Li must be unique. The remainder of the physical card containing the l a s t  
entry must be blank. 

3. @card must be used i f  gravity loads (GRAV) are t o  be used with any of the 
other types. 

4. Load se t s  must be selected in the Case Control Deck (L@AD=SID) to be used by 
NASTRAN . 

5. A LBAD card may not reference a s e t  identification number defined by another LgAD 
card. 
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BULK DATA DECK 

Input Data Card MATS Material Property Definition 

Description: Defines the materi a1 properties for  1 i near, temperature-i ndependent , i sotropi~c 
materi a1 s . 

Format and Example: 

Field Contents 

MID 

E 

G 

NU 

RHO 
A 

TREF 

GE 

ST, SC, SS 

Material identification number (Integer > 0) 

Young's modulus (Real L 0.0 or blank) 

Shear modulus (Real 0.0 or  blank) 

Poisson's ra t io  (Real or  blank) 

Mass density ( ~ e a l )  

Thermal expansion coefficient (Real ) 
Thermal expansion reference temperature (Real ) 
Structural element damping coefficient (Real ) 
Stress limits for tension, compression and shear (Real) (Used only t o  compute 
margins of-safety in certain elements; they have no effect  on the computational 
procedures) 

Remarks: 1. One of E o r  G must be positive ( i . e . ,  e i ther  E > 0.0 or  G > 0.0 or  both E and G may 
be > 0.0). 

2. If any one of E ,  G o r  NU i s  blank, i t  will beccomputedto sa t i s fv  the ident i ty  
E = 2(1tNU)G; otherwise, values supplied by the user will be usea. 

3.  The material identification number must be unique fo r  a1 1 MATI, MAT2 and MAT3 cards. 

4. MAT1 materials may be made temperature dependent by use of the MATT1 card. 

5. The mass density, RHO, will be used t o  automatically compute mass for  a l l  structural 
elements except the two-dimensional bending only elements TRBSC, TRPLT and QDPLT. 
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Input Data Card Materi a1 Property Defi ni tion 

Descri t i  on: Defines the material properties for  l inear ,  temperature-independent , anisotropic & 
Format and Example : 

Field 

MID 

Gi j 

RH!J 
Ai 
TO 

GE 
ST, SC, SS 

Contents 

Material identification number (Integer > 0) 
The materi a1 property matrix (Real ) 

Mass density (Real) 
Thermal expansion coefficient vector (Real ) 
Thermal expansion reference temperature (Real ) 
Structural element damping coefficient (Real ) 

Stress limits for tension, compression and shear (Real) (Used only to  compute 
margins of safety in certain elements; they have no effect  on the computational 
procedures ) 

Remarks : 1.  The materi a1 identification numbers must be unique for  fl MAT1 , MAT2 and MAT3 cards. 

2 .  MAT2 materials may be made temperature dependent by use of the MATT2 card. 

3 .  The mass density, RHg, will be used to  automatically compute mass for  a1 1 structural 
elements except the two-dimensional bending only elements TRBSC, TRPLT and QDPLT. 
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Input Data Card Materi a1 Property Definition 

Description: Defines the material properties for l inear ,  temperature-i ndependent, orthotropi c 
materi a1 s . 

Format and Example: 

Field Contents 

MID 

E X ,  EY, EZ 

NUXY , N U Y Z  , N U Z X  

RHfJ 
GXY , GY Z ,  GZX 

AX,  AY, AZ 

TREF 

GE 

Material identification number (Integer > 0) 

Young's moduli in the x ,  y and z directions respectively (Real 0.0) 

Poisson's Ratios (Coupled s t ra in  rat ios  in the xy, zy and zx directions 
Fespecti vely) (Real ) 
Mass density (Real ) 

Shear moduli for xy, yz and zx (Real 2 0.0) 

Thermal expansion coefficients (Real ) 

Thermal expansion reference temperature (Real ) 
Structural element damping coefficient (Real) 

Remarks: 1 .  The material identification number must be unique with respect to  the collection of 
a1 1 MAT1 , MAT2 and MAT3 cards. 

2. MAT3 materials may be made temperature-dependent by use of the MATT3 card. 

3. All nine of the numbers E X ,  E Y ,  EZ ,  N U X Y ,  NUYZ,  N U Z X ,  G X Y ,  GYZ and GZX must be 
present. 

4. A nonfatal warning diagnostic will occur i f  any of NUXY or  N U Y Z  has an absolute 
value greater than 1 .O.  

5. MAT3 materials may only be referenced by CTRIARG, CTRAPRG and PTgRDRG cards. 

6. The mass density, RHg, wi 11 be used t o  automatically compute mass for  the TRIARG, 
TRAPRG and TgRDRG elements. 
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Input Data Card MATS1 Material Stress Dependence 

Description: Specifies table references for  material properties which are stress-dependent. 

Format and Example : 

1 2 3 4 5 6 7 8 9 10 

Fie1 d - Contents 

MID Materi a! property_ identification number which matches the identification number 
on some oasic MATl card (Integer > 0) 

R1 Reference t o  table identification number (Integer L 0) 

Remarks: 1 .  Blank o r  zero entr ies  mean no table dependence of the referenced quantity on the 
basic MATl card. 

2 .  TABLES1 type tables must be used. 
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Input Data Card MATT1 Materi a1 Temperature Dependence 

Description : Specifies table references for  materi a1 properties which are temperature-dependent. 

Format and Example: 

Field - Contents 

MID Materi a1 property identification number which matches the identification number 
on some basic MATl card (Integer > 0) 

Ri References t o  table identification numbers (Integer 0) 

Remarks: 1 .  Blank or zero entries mean no table dependence of the referenced quantity on the 
basic MATl card. 

2. TABLEMI, TABLEM2, TABLEM3 or  TABLEM4 type tables may be used. 
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Input Data Card MATT2 Material Temperature Dependence 

Description: Specifies table references for  materi a1 properties whi ch are temperature-dependent. 

Format and Example: 

Field Contents 

MID Materi a1 property identification number which matches the i dent1 f i  cation number 
on some basic MAT2 card (Integer > 0) 

Ri References t o  table identification numbers (Integer 2 0) 

Remarks: 1 .  Blank o r  zero entr ies  mean no table dependence of the referenced quantity on the 
basic MAT2 card. 

2. TABLEMI, TABLEM2, TABLEM3 o r  TABLEM4 type tables may be used. 
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Input Data Card MATT3 Materi a1 Temperature Dependence 

Description: Specifits table references for  orthotropi c ,  "MAT3", materi a1 properties which a re  
temperature-dependent. 

Format and Example: 

1 2 3 4 5 6 8 9 10 

Field Contents 

MID Materi a1 property identification number whi ch matches the identification number 
on some basic Mm3 card (Integer > 0) 

Ri References t o  table identification numbers (Integer 5 0 )  

Remarks: 1. Blank or  zero entr ies  imply no table dependence of the referenced quantity on the 
basic MAT3 card. 

2 .  TABLEMI, TABLEM2, TABLEM3 or TABLEM4' type tables may be used. 
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Input Data Card MgMAX Conical She1 1 Stat ic  Moment 

Description: Defines a s t a t i c  moment loading of a conical shell  coordinate. 

Format and Example: 

Field - Contents 

SID Load s e t  identification number (Integer > 0) 

RID Ring identification number (see RINGAX) (Integer > 0) 

HID Harmonic identification number (Integer 2 0) 

S Scale factor (Real) 

Moment components in the r,  4,  z directions (Real) 

.Remarks: 1. This card i s  allowed i f  and only i f  an AXIC card i s  a lso present. 

2. Load s e t s  must be selected in the Case Control Deck (LflAD=SID) to  be used by 
NASTRAN . 

3 .  A separate card i s  needed for  the definition of the moment associated with each 
harmonic. 

4. For a discussion of the conical shell problem, see Section 5.9 of the Theoretical 
Manual. 
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Input Data Card MPMENT S ta t ic  Moment 

Description: Defines a s t a t i c  moment a t  a grid point by specifying a vector. 

Format and Example: 

Field Contents 

SID Load s e t  identification number (Integer > 0) 

G Grid point identification number (Integer > 0) 

CID Coordinate system identification number (Integer 2 0) 

M Scale factor  (Real) 

N1 ,N2,N3 Cgnponents of Vector measured in coordinate system defined by CID (Real; 
N1 + N22 + N32 > 0.0) 

Remarks : 1 . The s t a t i c  moment applied t o  grid poi n t  G i s  given by 

m' = M*(Nl ,N2,N3) 

2. Load se t s  must be selected in the Case Control Deck (LpAD=SID) to  be used by 
NASTRAN . 

3. A CID of zero references the basic coordinate system. 
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Input Data Card MBMENTl S ta t ic  Moment 

Descri t ion: Used t o  define a s t a t i c  moment by specification of a value and two grid points which + e t e m n e  the direction. 

Fonna t and Example : 

1 7 A 6 7 8 1 0 

Field Con tents  

SID Load s e t  identification number (Integer > 0)  

G Grid point identification number (Integer > 0) 

M Value of moment (Real ) 

GI, 62 Grid point identification numbers (Integer > 0; G1 f 62) 

Remarks: 1. The direction of the moment i s  detennined by the vector from GI t o  62. 

2. Load se t s  must be selected in the Case Control Deck (LBAD-SID) t o  be used by 
NASTRAN. 
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Input Data Card MgMENP2 Stat ic  Moment 

Descri Lion: Used t o  define a s t a t i c  mment by specification o f  a value and four grid points 
&mine the d i  rectian. 

Format and Example: 

Field Contents 

SID Load s e t  identification number (Integer > 0) 

G Grid point identification number (Integer > 0) 

M Value of moment (Real ) 

69 ,G2,63,64 Grid point identification numbers (Integer > 0; GI # 62; 63 # 64) 

Remarks: 1. The direction of the force i s  determined by the vector product whose factors are 
vectors fwm Gl t o  62 and 63 t o  64 respectively. 

7 .  Load se t s  must be selected in the Case Control Deck (L@AD=SID) t o  be used by 
NASTRAN . 
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Input  Data Card Mu1 t i p o i n t  Constraint  

Descr ipt ion:  Defines a mu1 ti p o i n t  cons t ra in t  equation o f  the form 

Format and Example: 

F i e l d  - Contents 

3 2 3 4 5 6 7 8 9 10 

SID Set i d e n t i f i c a t i o n  number ( In teger  > 0) 

G I d e n t i f i c a t i o n  number o f  g r i d  o r  sca la r  p o i n t  ( In teger  > 0) 

C Component number - any one o f  the  d i g i t s  1-6 i n  the case o f  _geometric g r i d  
points;  blank o r  zero i n e  case o f  sca lar  po in ts  ( In teger )  

A C o e f f i c i e n t  (Real ; the f i r s t  A must be nonzero) 

Remarks: 1. The f i r s t  coordinate i n  the sequence i s  assumed t o  be the  dependent coordinate and 
must be unique fo r  fi equations o f  the  set .  

2. Forces o f  mu1 ti p o i n t  cons t ra in t  are not  recovered. 

MPC 

MPC 

3 .  Mu1 t i p o i n t  cons t ra in t  sets must be selected i n  the Case Control Deck (MPC=SID) t o  
be used by NASTRAN. 

G 
28 

A 

6.2 
SID 

3 

4. Dependent coordinates on MPC cards may no t  appear on PMIT, @MITI, SUPPRT, SPC o r  
SPCl cards. 

C 

3 

G 
2 

C A 
4.29 

x a b c  
- 

?B 
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Input Data Card MPCADD Mu1 t i  point Constraint Set Defini tion 

Descri t ion: Defines a  multipoint constraint s e t  as a  union of multipoint constraint s e t s  
a----- ef ined via MPC cards. 

Format and Example : 
i 

Field Contents 

SI D Set ident i f icat ion number (Integer > 0) 

S j Set identification numbers of mu1 t i  point constraint s e t s  defined via MPC cards 
(Integer > 0)  

Remarks: 1.  The Sj must be unique. 

2 .  Multipoint constraint se t s  must be selected in the Case Contro-1 Deck (MPC=SID) t o  
be used by NASTRAN. 

3 .  Sj may not be the identification number of a  mu1 t i  point constraint s e t  defined by 
another MPCADD card. 
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Input Data Card MPCAX Conical Shell Mu1 t i  point Constraint 

Description: Defines a mu1 t i  point constraint equation of the form 

for  conical she1 1 coordinates. 

Format and Example: 

-etc.- 

Field Contents 

SID 

RID 
HID 

C 

A 

Set identification number (Integer > 0) 

Ring identification number (Integer > 0) 

Harmonic identification number (Integer 1 > 0) 

Component number (1 I Integer 1. 6)  

Coefficient (Real ; the f i r s t  A must be nonzero) 

Remarks: 1.  This card i s  allowed i f  and only i f  an AXIC card i s  a lso present. 

2. The f i r s t  coordinate in the sequence i s  assumed to be the dependent coordinate 
and must be unique for  a l l  equations of the s e t .  

3. Mu1 t ipoint  constraint sets  must be selected in the Case Control Deck (MPC=SID) t o  be 
used by NASTRAN . 

4. Dependent coordinates appearing on MPCAX cards may not appear on PIMITAX, SPCAX, 
or SUPAX cards. 

5. For a discussion of the conical shell  problem, see Section 5.9 of the Theoretical 
Manual. 
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Input Data Card NgLIN1 Nonl i near Yransi ent Response Dynamic Load 

Description: Defines nonlinear transient forcing functions of the fom 

Pi ( t )  = S T(u j ( t ) )  

Format and Example: 

Field Contents 

SID Nonlinear load s e t  identification number (Integer > 0) 

GI Grid or scalar or extra point identification number a t  which nonlinear load 
i s  to  be applied (Integer > 0) 

C I Component number for GI a grid point (0 < Integer I 6);  blank or zero i f  GI i s  
a scalar or extra point 

S Scale factor (Real) 

GJ Grid or scalar or extra point identification number (Integer > 0)  

CJ Component number for  GJ a grid point (0 < Integer 5 6 ) ;  blank or  zero i f  GJ i s  
a scalar or extra point 

T Identification number of a TABLEDi card (Integer > 0) 

Remarks: 1. Nonlinear loads must be selected in the Case Control Deck (NgNLINEAR=SID) t o  be 
used by NASTRAN. 

2 .  Nonlinear loads may not be referenced %a DLOAD card. 

3.  All coordinates referenced on N0LIN1 cards must be members of the solution s e t ,  
This means the ue s e t  for  modal formulation and the ud = ue + ua s e t  for d i rec t  
formulation. 
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Input Data Card NfJLIN2 Nonl i near Transient Response Dynami c Load 

Description: Defines nonlinear transient forcing functions of the form 

P i ( t )  = S u . ( t ) uk ( t )  
J 

Format and Example : 

Field 

SID 

GI 

1 2 3 4 5 6 7 8 9 10 

Remarks : 

Contents 

N$LI N2 

NflLIN2 

Nonlinear load s e t  identification number (Integer > 0) 

SID 

14 

G 1 

2 

Grid or scalar  or  extra point identification number a t  which nonlinear load 
i s  t o  be applied (Integer > 0) 

Component number GI a grid point (0 < Integer 5 6) ;  blank or zero i f  GI i s  
a scalar  or  extra point 

Scale factor  (Real) 

C I 

1 

Grid or  scalar or extra point identification number (Integer > 0) 

Component number for GJ a grid point (0 < Integer 1: 6 ) ;  blank or zero i f  
GJ i s  a scalar or extra point 

S 

2.9 

Grid or  scalar or extra point identification number (Integer > 0) 

Component number of GK a grid point (0 < Integer < 6);  blank or zero i f  
GK i s  a scalar or extra point 

GJ 

2 

Nonlinear loads must be selected in the Case Control 
used by NASTRAN. 

Deck (N$NLINEAR=SID) 

CJ 

1 

2. Nonlinear loads may not be referenced on a DLOAD card. 

3. All coordinates referenced on N$LIN2 cards must be members of the solution s e t .  
This means the ue s e t  for modal formulation and the ud = ue + ua s e t  for  d i rec t  
formulation. 

GK 
2 

C K  

1 
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Input Data Card NOLIN3 Nonlinear Transient Response Dynamic Load 

Description: Defines nonlinear transient forcing functions of the form 

s ( u ~ ( ~ ) ) ~ ,  u j ( t )  > 0 

Pi ( t )  = 

0 , u j ( t ) 5 0  

Format and Example : 

Field Contents 

SID Nonlinear load s e t  identification number (Integer > 0) 

Grid or scalar or extra point identification number a t  which nonlinear load 
i s  to  be applied (Integer > 0)  

Component number for  GI a grid point (0 < Integer 5 6) ;  blank or zero i f  GI i s  
a scalar or extra point 

Scale factor  (Real ) 

GJ Grid or scalar or extra point identification number (Integer > 0) 

CJ Component number for GJ a grid point (0 < Integer 5 6);  blank or zero i f  
GJ i s  a scalar or extra point 

A Amp1 if icat ion factor (Real ) 

Remarks: 1. Nonlinear loads must be selected in the Case Control Deck (NnNLINEAR=SID) to  be 
used by NASTRAN. 

2. Nonlinear loads may not be referenced on a DL$AD card. 

3. All coordinates referenced on N$LIN3 cards must be members of the solution s e t .  
This means the ue s e t  for modal formulation and the ud = ue + ua s e t  for d i rec t  
fonnul ation. 
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Input Data Card NVLIN4 Nonlinear Transient Response Dynamic Load 

Description : Defines nonlinear transient forcing functions of the form 

- s ( - u j ( q A  , u j ( t )  < 0 

Pi ( t )  = 

0 , u . ( t )  2 0  
J 

Format and Example: 

Field 

1 2 3 4 5 6 7 8 9 10 

Contents 

Nonlinear load s e t  identification number (Integer > 0) 
Grid or  scalar or extra point identification number a t  which nonlinear load 
i s  to  be applied (Integer > 0) 

CJ GJ 

101 

Component number for GI a grid point (0 < Integer 5 6) ;  blank or zero i f  GI i s  
a scalar or extra point 
Scale factor (Real) 
Grid or scalar or extra point identification number (Integer > 0) 

A 
16.3 

Component number for GJ a grid point (0 < Integer 2 6);  blank or  zero i f  
GJ i s  a scalar or  extra point 
Amplification factor (Real ) 

GI 

4 

CI 
6 

NgLIN4 

NgLIN4 

Remarks: 1. Nonlinear loads must be selected in the Case Control Deck (NgNLINEAR=SID) t o  be 
used by NASTRAN. 

S 
2.0 

SID 
2 

2. Nonl inear loads my not be referenced on a DLPAD card. 

3. All coordinates referenced on NOLIN4 cards must be members of the solution se t .  
This means the ue s e t  for  modal formulation and the ud = ue + ua s e t  for  direct  
formulation. 
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Input Data Card Omitted Coordf nates 

Description: Defines coordinates (degrees of freedom) t h a t  the user des i res  t o  omit from 
the problem through matrix par t i t ioning.  Used t o  reduce t h e  number of independent degrees 
of freedom. 

Format and E x a e :  - 

Field - Contents 

ID Grid or sca lar  point  iden t i f i ca t ion  number ( In teger  > 0)  

Component number, zero or  blank f o r  s c a l a r  points ,  any unique combination 
of the  d i g i t s  1-6 f o r  gr id  points 

Remarks: 1 .  Coordinates speci f ied  on PMIT cards may be speci f ied  on flMIT1, SUPPRT, SPC o r  
SPCl cards nor may they appear as dependent coordinates in  multipoint  cons t r a in t  
r e l a t ions  (MPC) o r  as permanent single-point  const ra in ts  on a GRID card.  

2. As many as 24 coordinates may be omitted by a s ing le  card. 
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Input Data Card 0MIT1 Omitted Coordinates 

Descri t ion: Defines coordinates (degrees of freedom) tha t  the user desires to  omit from the 
bough matrix partit ioning. Used to reduce the number of independent degrees of freedom. 

Format and Example : 

-- 

M I T ~  1 3  1 2  1 1  1 3  I l 0 I 9  I S  1 5 ~ A B C  1 

Field Contents 

C Component number (Any unique combihation of the d ig i t s  1-6 (with no imbedded 
blanks) when point identification numbers are grid points; must be null or  
zero i f  point identification numbers are scalar  points) 

G Grid or  scalar point identification number (Integer > 0) 

Remarks : A coordinate referenced on t h i s  card may not appear as a dependent coordinate in a 
multipoint constraint relation (MPC card),  nor may i t  be referenced on a SPC, SPC1, 
OMIT, or  SUPVRT card or  on a GRID card as-permanent single-point constraints.  
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BULK DATA DECK 

Input Data Card MMITAX Omitted Conical Shell Coordinate 

Description: Defines coordinates that  the user desires to  omi t from the problem through matrix 
partitioning. Used to reduce the number of independent degrees of freedom. 

Format and Example: 

Field Contents 

RID Ring identification number (Integer > 0)  

HID Harmonic identification number (Integer > 0) 

C Component number (any unique combination of the digi ts  1-6) 

Remarks: 1. This card i s  allowed i f  and only i f  an AXIC card i s  also present. 

2. Up t o  12 coordinates my be omitted via th i s  card. 

3. Coordinates appearing on PMITAX cards may not appear on MPCAX, SUPAX or  SPCAX 
cards. 

4. For a discussion of the conical shell  problem, see Section 5.9 of the Theoretical 
Manual . 
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BULK DATA DECK 

Input Data Card PARAM Parameter 

Description: Specifies values for  parameters used in MAP sequences (including r igid formats). 

Format and Example : 

Field Contents 

Parameter name (one to eight alphanumeric characters, the f i r s t  of which i s  
alphabetic) 

V1, V2 Parameter value based on parameter type as follows: 

Real , s i  ngle-precision 

Remarks: I .  Only parameters fo r  which assigned values are allowed may be given values via the 
PARAM card. Section 5 describes parameters as used in DMAP. 

2. See Section 3.1.5 fo r  a l i s t  of parameters used in  r igid formats tha t  may be i n i t i -  
alized by the user on PARAM cards. 
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BULK DATA DECK 

Input Data Card PBAR Simp1 e Beam Property 

Description: Defines the properties of a simple beam (bar) which i s  used to create bar elements 
via the CBAR card. 

Format and Example : 

Field 

PID 
MID 
A 

11, 12, I12 

J 

NSM 

K1, K2 
C i ,  Di, Ei, Fi 

Contents 

Property identification number (Integer > 0) 

Material identification number (Integer > 0)  

Area of bar cross-section (Real) 

Area moments of iner t ia  (Real ) 

Torsional constant (Real ) 
Nonstructural mass per unit length (Real ) 
Area factor  fo r  shear (Real) 
Stress recovery coefficients (Real ) 

Remarks : 1.  PBAR cards may only reference MAT1 material cards. 

2. See Section 1.3.2 for a discussion of bar element geometry. 
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BULK DATA BECK 

Input Data Card PC0NEAX Conical She1 1 Element Property 

Description: Defines the properties of a conical shell  element described on a CCgNEAX card. 

Format and Example: 

Field Contents 

ID Property identification number (Unique Integer > 0)  

MIDi Material identification number for  membrane, bending , and transverse shear 
(Integer 2 0) 

TI ,T2 Membrane thickness and transverse shear thickness (Real) 

I Moment of Iner t ia  per uni t  width ( ~ e a l )  

NSM Nonstructural mass per unit  area (Real ) 

Z1, 22 Fiber distances fo r  s t ress  recovery (Real ) 

PHI i Azimuthal coordinates ( in  deg,rees) for  s t r e s s  recovery (Real) 

tabc 

+ 1 

Remarks: 1. This card i s  allowed i f  and only i f  an AXIC card i s  also present. 

2. PCONEAX cards may only reference MAT1 material cards. 

3. I f  MID1 = 0, then T1 must be 0.0. 

4. I f  MID2 = 0, then I must be 0.0. 

5. I f  MID3 = 0,  then T2 must be 0.0. 

6. A maximum of 14 azimuthal coordinates fo r  s t ress  recovery may be specified. An 
e r ror  will be detected i f  more than two (2) continuation cards appear. 

Z1 

0.001 

7. For a discussion of the conical shell  problem, see Section 5.9 of the Theoretical 
Manual. 

22 

-0.002 

PHI1 

23.6 

PHI2 

42.9 

PHI3 PHI4 PHI5 PHI6 tdef 

+2 





BULK DATA DECK 

Input Data Card PDAMP Scalar Damper Property 

Description: Used t o  define the damping value of a scalar damper element which i s  defined by 
means of the CDAMPl or CDAMP3 cards. 

Format and Example : 

Field Contents 

PID Property identification number (Integer > 0) 

B Value of scalar damper (Real ) 

Remarks: 1. This card defines a damper value. The user i s  cautioned to be careful when using 
negative damper values. Damper values are defined direct ly  on the CDAMPZ and CDAMP4 
cards. A structural viscous damper, CVISC, may also be used for  geometric grid 
points. 

2. Up to  four damper properties may be defined on a single card. 

3 .  For a discussion of scalar  elements, see Section 5.6 of the Theoretical Manual. 
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BULK DATA DECK 

Input Data Card PELAS Scalar El as t i c  Property 

Descri t ion: Used t o  define the s t i f fness ,  damping coefficient,  and s t ress  coefficient of a 
--I+-- sca at e l a s t i c  element (spring) by means of the CELASl or  CELAS3 card. 

Format and Example : 

Fie1 d - Contents 

PID Property identification number (Integer > 0) 

K Elastic property value (Real ) 
GE Damping coeff icient ,  ge (Real ) 

S Stress coeff icient  (Real ) 

1 2 3 4 5 6 7 8 9 10 

Remarks: 1. The user i s  cautioned t o  be careful using negative spring values. (Values are 
defined direct ly  on some of the CELASi card types. ) 

2. One or  two e l a s t i c  spring properties may be defined on a single card. 

PELAS 
PELAS 

3. For a discussion of scalar  elements, see Section 5.6 of the Theoretical Manual. 

K 
4.29 

PID 
7 

GE 
0.06 

PID 
27 

S 
7.92 

K 
2.17 

- GE 
0.0032 

S 



NASTRAN DATA DECK 



I n p u t  llata Caud fLFACT [-'jecek4j so  L j  fitl.aic fi..ii,;jie.i s Factcjt. 1)e.f.j ni  t i  rill Card 

s p i  Defi t les scale  factor,^ fa* i'icrei./lse Linear Analysis loddi~ig, - 

Format and Exam111 e : 

Field -- Contents 

SI D Unique s e t  ideintification number (Integer > 0 )  

B i  Load-ing factor (Real ) 

Relnd~ks 1. remainder of the physical card containing the l a s t  entry tlrtust be n u l l .  

2, A t  any stage o f  the Piecewise Linear Analysis,  the accumulated load i s  g iven by 

{ P i )  " B i f P )  

where {PI i s  the tata'i 'iodd defitled -in tlhe usual way. 
Example: I f  i t  were desired to load the structure i n  ten equally spaced load 
increments then s e t  

ki = o . .~  j ; i = 1 3 10 

3.  Normally, the Bi form a ~nonot.onicaily increasing sequence. A singular s t i f fness  
matrix will resul t  i f  Bi = Bi- l  a 

4, A t  l eas t  two factors must be defined. 

5. Piecew-ise Linear Analysis factor  sets  must be selected in the Case Cot-~trol Deck 
(PLCBEFF-SID) t o  be used by NASTRAN. 
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BULK DATA DECK 

Input Data Card PLfJAD Stat ic  Pressure Load 

Description: Defines a s t a t i c  pressure load. 

Format and Example: 

Field - Contents 

SID Load s e t  identification number (Integer > 0) 

P Pressure (Real ) 

GI ,G2,G3,G4 Grid point identification numbers (Integer > 0; 64 may be zero) 

Remarks: 1. Grid points must be unique and noncollinear. 

2. If four grid points are given, four triangles are formed and half of P i s  applied 
to each one. For each triangle the direction i s  defined by 

+(PI2 x PI3) 
+ where ri i s  the vector from Gi to  G j .  

3.  Load sets  must be selected in the Case Control Deck (LP)AD=SID) to  be used by 
NASTRAN . 
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BULK DATA S C K  

Input Data Card PLgADZ Pressure Load 

Description: Defines a uniform s t a t i c  pressure load a w e d  to  two-dimensional elements - 
Only QUADl, QUADZ, QDMEM, QDPLT, SHEAR, TRBSC, TRIAI, TRIAZ, TRMEM, TRPLT or TWIST elements may 
have a pressure load applied to  them via this  card. 

Format and Example: 

A1 ternate Form 

Field Contents 

SID Load se t  identification number (Integer > 0) 

p .  Pressure value (Real ) 
EID 
EIDl 1 
EI D2 

Element identification number (Integer > 0; EIDl < EIDZ) 

Remarks: 1. EID must be 0 or blank for  omitted entrys. 

2. Load sets  must be selected in the Case Control Deck (L@AD=SID) to  be used by 
NASTRAN . 

3. A t  l eas t  one positive EID must be present on each PLPADZ card. 

4. If the a1 ternate form i s  used, a l l  elements EIDl t h r u  EID2 must be two-dimensional. 

5. The pressure load i s  computed for  each element as i f  the grid points to  which the 
element i s  connected were specified on a PL$AD card. The grid point sequence 
specified on the element connection card i s  assumed for  the purpose of computing 
pressure loads. 

6 .  All elements referenced must ex is t .  
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BULK DATA DECK 

Input Data Card PLBTEL Dummy Element Defini t ion 

nscri tion DefSnes a durny one-dimensional element for use i n  plotting. This element Ss fi 
+: use i n  the model during any of the solution phases of a problem. I t  i s  used t o  simplify plotting 
of structures with large numbers of collinear grid points where the plotting of each one along 
with the elements connecting them would resul t  in a confusing plot.  The use o f  th i s  "element" i s  
ent i rely the responsi bi 1 i ty of the user. 

Fonnat and Example : 

Field Contents 

EI D Element identification number (Integer > 0) 

61, 62 Grid point identification numbers of connection points (Integer > 0; GI f 62) 

Remarks: 1. Element identification numbers must be unique with respect t o  other element 
identification numbers. 

2. One o r  two PLBTEL elements may be defined on a single card. 
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NASTRAN DATA DECK 

input Data Card PMASS Scalar Mass Property 

Vr,rL,fi j.5 def jned by Descripl.ion: Used t o  define the mass vdlcre of a scalar  m s s  eleiiiei2-i i . ' - ' - I -  -. 
the CMWSSI or CMASS3 cards.  

F u ~ m a t  and Example : 

Field Con t en t s  

P I D  Property iden t i f i ca t ion  number ( In teger  > 0) 

14 Value of sca la r  mass (Real ) 

Remarks: 1 . This card defines a mass value. The user i s  cautioned t o  be earetul  when c s i  ng 
negative mass values. (Values a re  defined d i r e c t l y  on some of the CbNSSi card 
types . 

2. Up t o  four mass proper t ies  may be defltwd by t h i s  card, 

3. For a discuss-ion of s c a l a r  elements, see Section 5.6 of the Theoretical Manual. 
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B U L K  DATA DECK 

Input Data Card PgINTAX Conical Shell Point 

: Defines the location of a point on an axisymrnetric shei i  r i n g  a t  which ioads 
ed via the FgRCE o r  MPMENT cards and a t  which displacements nlay be requested. 

These points a r e  not subject  t o  const ra in ts  v i a  MPCAX, SPCAX, or @MITAX cards.  

Fownat and Exarnpl e : 

Field Contents 

ID Point  iden t i f i ca t ion  number (Unique Integer > 0)  

RID Iden t i f i ca t ion  number of a RINGAX card ( In teger  > 0 )  

PHI Azimuthal angle in  degrees (Real) 

Remarks: 'I. This card i s  allowed i f  and only i f  an AXIC card i s  a l so  present.  

2. PgINTAX iden t i f i ca t ion  numbers must be unique with respect  t o  a l l  o ther  POINTAX, 
RINGAX and SECTAX iden t i f i ca t ion  numbers. 

3.  For a discussion of the conical she l l  problem, see Section 5 .9  of the Theoretical 
Manual. 
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BULK BMbi DECK 

Input Data Card PQDMEfJI Quadrilateral  Membrane Property 

Description: Used t o  def ine  the properties of a quadr i la tera l  membrane. Referenced by the 
GQBYEM card. No betld.iny properties j r e  included, 

Field Contents 

PIB Property iden t i f i ca t ion  number ( In teger  > 0) 

MID Material i den t i f i ca t ion  number ( In teger  > 0)  

T Thickness of membrane (Real ) 
NSM Nonstructural mass per uni t  area (Real) 

Remarks: 1 .  All PQDMEM cards must have unique property iden t i f i ca t ion  numbers. 

2. One o r  two quadr i la tera l  membrane properties may be defined on a s ingle  card. 
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BULK DATA DECK 

Input Data Card Quadri 7 ateral Plate Property 

Description: Used t o  define the bending properties of a quadri 1 ateral plate element. Referenced 
by the CQDPLT card. No membrane properties are  included. 

Format and Example: 

Field Contents 

PID Property identification number (Integer > 0) 

MID1 Material identification number for  bending (Integer > 0) 
I Bending area moment of iner t ia  per unit  width (Real) 

MI D2 Material identification number fo r  transverse shear (Integer 2 0) 

T Transverse shear thickness (Real ) 

NSM Nonstructural mass per unit area (Real) 

Z1, Z 2  Fiber distances for s t ress  computation, positive according to the right-hand 
sequences defined on the CQDPLT card (Real ) 

Remarks : 1 . A1 1 PQDPLT cards must have unique property i denti f i cation numbers. 

2. If  T i s  zero, the element i s  assumed to be r igid in transverse shear. 

3 .  No structural mass i s  generated fo r  th i s  element. 
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BULK DATA DECK 

Input Data Card ?QUPD? General Quadri 1 ateral Element Property 

Descvi .-- Defines the properties of a general quadrilateral element o f  thtz structural r r !od~? ,  
d k i O n b e n d i n g ,  membrane, and transverse shear effects .  Referenced by the CQUADI card. 

Format and Example: 

F i e l d  

PID 
MID1 
71 
MID2 

I .  
MID3 
T3  

NSM 
Z1, 22 

Contents 

Property identification number (Integer > 0) 
Material identification number for  membrane (Integer 2 0) 
Membrane thickness (Real ) 
Material identi fication number for  bending (Integer 2 0) 

Area moment of iner t ia  per unit wid". (Real ) 
Material identification number for  transverse shear (Integer 2 0)  

Transverse shear thickness (Real ) 
Nonstructural mass per unit  area (Real) 
Fiber distances for s t ress  computation, positive according to the right-hand 
sequence defined on the CQUADI card (Real ) 

Remarks : 1 . A1 1 PQUADl cards must have unique property identification numbers. 

2. I f  T3 i s  zero, the element i s  assumed to be rigid in transverse shear. 

3. The membrane thickness, TI, i s  used to  compute the structural mass for  t t i l ' s  elemc,id. 
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B U L K  DATA D E C K  

Input Data Card PQUAD2 Homogeneous Quadri "1 atera'i Property 

Decription : Defines the properties of a homogeneous quadr i la tera l  element of tke s t ruc tu ra l  
model , including bending, membrane and t ransverse  shear e f f e c t s .  Referenced by the CQllAU2 card.  

Format and Example: 

-,"%--&-------. 

Field Contents 

PID Property iden t i f i ca t ion  number ( In teger  > 0)  

MID Materi a1 iden t i f i ca t ion  number ( In teger  > 0) 

7' Thickness (Real ) 

NSM Nonstructual mass per u n i t  area (Real) 

Remarks: 1 .  All PQUAD2 cards must have unique iden t i f i ca t ion  numbers. 

2. The thickness used t o  compute membrane and transverse shear proper t ies  i s  T. 

3 .  The area moment of i n e r t i a  per u n i t  width used to  compute the  bending s t i f f n e s s  i s  
Y 3 / ~ ~  2,  

4.  Outer f i b e r  distances of kT/2 are  assumed. 

5.  One o r  two homogeneous quadr i la tera l  properties may be defined an a s ingle  card.  
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BULK DATA DECK 

Input Data Card PRESRX Conical She1 1 Pressure Load 

Bescri ption: Defines the s t a t i c  pressure loadi nq of a conical she l l element, 

Format and Example : 

Field -- Contents 

SI D Load s e t  i den t i f i ca t ion  number ( In teger  > 0)  

P Pressure value (Real ) 

Ring iden t i f i ca t ion  numbers (see RPNGAX cardj  ( In teger  > 0 )  

Azimuthal angles in degrees (Real ) 

Remarks: 1 .  This card i s  allowed i f  and only i f  an AXIL card is  a lso  p r t sen t .  -- 
Load s e t s  must be se lec ted  i n  t h e  Case Control Deck (b@AD=SID) i n  order t o  be used t 4  2, - 
NASTRAN . 

3. For a discussion of the conical she l l  problem, see Sectiorb 5.9 o f  the Theo re t i ca l  
Manual . 



NASTRAN DATA DECK 



BULK DATA DECK 

Input Data Card Rod Property 

Description: Defines the properties of a rod which i s  referenced by the CRgD card. 

&% 

Format and Example: 

Field Contents 

PID Property ident i f icat ion number (Integer > 0) 

MID Material ident i f icat ion number ( Integer  > 0) 

A Area of rod (Real) 
J Torsional constant (Real ) 
C Coefficient t o  determine torsional s t r e s s  (Real ) 

NSM Nonstructual mass per unit  length (Real ) 

Remarks: 1.  PRgD cards must a l l  have unique property iden t i f i ca t ion  numbers. 

2. PRB)D cards may only reference MAT1 material cards. 
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Input Data Card PSHEAR Shear Panel Property 

Description: Defines the e las t ic  properties of a shear panel. Referenced by the CSHEAR card.  

Format and Example : 

Field Contents 

PID Property identification number (Integer > 0) 

MID Material identification number (Integer > 0) 

T Thickness of shear panel (Real f 0.0) 

NSM Nonstructural mass per unit area (Real) 

Remarks: 1 .  All PSHEAR cards must have unique ident i f icat ion numbers. 

2. PSHEAR cards may only reference MAT1 material cards. 

3.  One or two shear panel properties may be defined on a single card.  
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BULK DATA BECK 

Input Data Card PTORDRG Toroi d a l  Ring Proper'tg 

Description: Use6 t o  define membrane and flexure (bending) p r o ~ e r t i e s  of a toroidal - . -- -- - ririq element. 
Referenced by the CT@RBRG card. 

Format and Example: 

Field Contents 

PID Property identification number (Integer > 0)  

MID Material identification number (Integer > 0)  
TM Thickness for  membrane (Real) 

TF Thickness for  flexure (Real ) 

Remarks : 1. A1 1 PTBRDRG cards must have unique property i dentl' f i  cation numbers. 

2 .  The material identification number MID must reference only a MAT1 or MAT3 card. 

3. One o r  two toroidal rjng properties may be defined on a single card. 
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BULK D M A  DECK 

InpuflUata Card PTRBSC Basic Bending Triangle Property 

DescripJc 15" Deffines basic bending tri angle (IRBSC) proper t ies  . Referenced by the  CTRBSC card.  
No membrane properties a re  included. 

Format and Examp*: 

Fi e l  d Contents 

PID Property iden t i f i ca t ion  number ( In tege r  > 0) 

MID1 Material i den t i f i ca t ion  number f o r  bending ( In teger  > 0)  

I Bending area moment of inert ia.  per u n i t  width (Real) 

Material i den t i f i ca t ion  number f o r  t ransverse  shear ( In teger  2 0)  
Transverse shear thickness (Real ) 

Z1, 22 Fiber distances f o r  shear computation, pos i t ive  according t o  t h e  right-hand 
sequence defined in the  CTRBSC card (Real) 

Remarks : 1J11 tVlli3SC cards rnirst have unique property iden t i f i ca t ion  numbers. 

2 .  I f  T i s  zero,  t he  element i s  assumed t o  be r i g i d  in  t ransverse  shear.  

3. No s t ruc tu ra l  mass i s  generated by t h i s  element. 
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BULK DATA DECK 

Input Data Card PTRIAI General Triangul ar Element Property 

Descri t ion: Defines the properties of a general triangular element of the structural model, 
&ending, membrane and transverse shear effects .  Referenced by the CTRIAl card. 

Format and Example: 

Field 

PID 
MID1 

T 1 
MID2 
I 
MI D3 
T3 
NSM 
z1, 22 

Contents 

Property identification number (Integer > 0) 
Material identification number for  membrane (Integer 1 0) 

Membrane thickness (Real ) 
Material identification number fo r  bending (Integer 2 0) 

Area of moment of iner t ia  per unit width (Real) 
Bending material identification number for  transverse shear (Integer 1 0)  

Transverse shear thickness (Real ) 
Nonstructural mass per unit area (Real) 
Fiber distances for s t ress  calculations, osi t i ve  according to the right-hand 
sequence defined on the CTRIAl card (Real! 

Remarks : 1. A1 1 PTRIAl cards must have unique property i denti f i  cation numbers. 

2. If T3 i s  zero, the element i s  assumed to be r igid in transverse shear. 

3. The membrane thickness, TI, i s  used t o  compute the structural mass for  th i s  element. 
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BULK BAT& DECK 

lrtput Data Card PTiiIW2- Hcr?r~ergeneous It "angular Element Propertjf 

Description: Defines the propertjes s f a  k~ernogeneous triangular element of the structural model , 
including membrane, bending and tuansve.rs-e shear effects .  ReFereneed by the CTRIA2 card. 

Field -- Contents 

PIB Property identification number (Integer > 0) 

MP B Material identification number (Integer > 0)  

T Thickness (Real ) 
NSM Nanstructural mass per unit area (Real) 

Remarks: 1, A1 l P T R I A 2  cards nmst  have unique identifl 'cation numbers, 

2 .  The thickness used t o  compute the membrane and transverse shear properties i s  T. 

3 ,  The  area moment of i n e r t i a  per trnit w i d t h  used t o  compute the bending s t i f fness  .is 
~ ~ 1 1 2 .  

4. Outer f iber  distances o f  +T/Z are assumed. 

5. One or  two horriage~?euus triangular eSenle11t properties ~ritiy i12 defit~ed on d s i n g l e  
card. 
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BULK DATA DECK 

Input Data Card PTRMEM Tri angul a r  Membrane Property 

Description: Used to define the properties sf a triangular membrane element. Referenced by the 
CTRMEM card. No bending properties are incl uded . 

Format and Example: 

Field - Contents 

PID Property iidentif i cati  on number (Integer > 0) 

MID Material i denti f i  cation number (Integer > 0) 

T Membrane thickness ( ~ e a l )  

NSM Nonstructural mass per unit area (Real) 

Remarks : 1 . A1 1 PTRMEM cards must have unique property i denti f i  cati  on numbers. 

2. One or  two triangular membrane properties may be defined on a single card. 
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Input Data Card PTRPLT Triangular Plate Property 

Description: Used to define the bending properties of a triangular plate  element. Referenced by 
the CTRPLT card. No membrane properties are included. 

Format and Example : 

Field 

PID 

MID1 
I 
MID2 

T 

NSM 

Zl, 22 

Contents 

Property identification number (Integer > 0) 

Material identification number for bending (Integer > 0) 

Bending area moment of iner t ia  per unit  width (Real ) 

Material identification number for  transverse shear (Integer 2 0) 

Transverse shear thickness (Real ) 

Nonstructural mass per unit area ( ~ e a l )  

Fiber distances for  s t ress  computation, positive according t o  the right-hand 
sequence defined on the CTRPLT card (Real ) 

Remarks : 1 . A1 l PTRPLT cards must have unique property ident i f icat ion numbers. 

2 .  I f  T i s  zero, the element i s  assumed to be r igid in transverse shear. 

3. No structural mass i s  generated by t h i s  element. 
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BULK DATA DECK 

Input Data Card PTUBE Tube Property 

Descri t ion: Defines the properties of a thin-walled cylindrical tube element. Referenced by the & 
Format and Example : 

Fie1 d - 
PID 

MID 

bD 
T 
NSM 

Con tents  

Property identification number (Integer > 0) 

Material identification number (Integer > 0) 

Outside diameter of tube (Real > 0.0) 

Thickness of tube (Real; T 5 1/2 DD) 
Nonstructural mass per unit length (Real ) 

Remarks: 1 .  If  T i s  zero, a sol id  circular  rod i s  assumed. 

2 .  PTUBE cards must a l l  have unique property identification numbers. 

3.  PTUBE cards may only reference MAT1 material cards. 
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Input Data Card PTWIST -- l w i  s t  Panel Property 

: Defines the e l a s t i c  pm-operties of a tviistppanel element. Referenced by the Cli!fST 

Format and Example: 

Field 

P'CD 

M I D  

T 

NSM 

Conten'ts --- 

Property iden t i f i ca t ion  number ( In teger  > 0)  

Material identi  f i  cation number ( In teger  > 0) 

Thickness of tw i s t  panel (Real + 0 .0 )  

Nonstructural mass per un i t  area (Real) 

Remarks: 1. All PTWIST cards niust have unique iden t i f i ca t ion  numbers, 

2. PTWIST cards niay only reference MAT1 material cards. 

3. One o r  two twis t  panel properties may be defined on a s ingle  card,  
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BULK DATA DECK 

Input Data Card PVISC Viscous Element Property 

Description: Defines the viscous properties of a one-dimensional viscous element which i s  used 
to create viseous elements by means of the CVISC card. 

Format and Example: 

Field Contents 

PID Property identification number (Integer > 0) 

C1, C2 Viscous coefficients for extension and rotation (Real) 

Remarks : 1. Used fo r  both extensional and rotational viscous elements. 

2. Has meaning fo r  dynamics problems only. 

3. Viscous properties are materi a1 independent ; in parti  cul a r ,  they are temperature- 
independent. 

4. One o r  two viscous element properties may be defined on a single card. 
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Input Data Card RANDPS P ~ w e r  Spectral Density Speci f i  cation 

Description: Defines load s e t  power spect ra l  densi ty  f ac to r s  f o r  use in  Random Analysis 
having the frequency dependent forin 

Sjk(F) = ( X  t iY) G(F) 

Format and Example: 

Field Con t en t s  

SID Random analys is  s e t  i den t i f i ca t ion  number ( In teger  > 0)  

J Subcase iden t i f i ca t ion  number of excited load s e t  ( In teger  > 0)  

K Subcase iden t i f i ca t ion  number of applied load s e t  ( In teger  2 0 ;  K 2 J )  

x,y Components of cmpl  ex number (Real ) 

TID Iden t i f i ca t ion  number of a TABRNDi card which defines G(F) ( In teger  2 0 )  

Remarks: 1. IF J = K, then Y must be 0.0 

2. For TID = 0,  G(F) = 1.0 

3. Set  iden t i f i ca t ion  numbers must be se lec ted  in  the Case Control Deck (RANDPM=SID) t o  
be used by NASTRAN . 

4. Only 20 unique s e t s  may be defined. As many RANDPS cards as desired with t h e  same 
SID may be input ,  however. 
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Input Data Card RANDTl Autocorrelation Function Time Lag 

Description: Defines time lag constants for  use in random analysis autocorrelation function 
computation. 

Format and Example : 

Field Contents 

SID Random analysis s e t  identification number (Integer > 0) 

N Number of time lag intervals (Integer > 0)  

TO Starting time lag (Real 1 0.0) 

TMAX Maximum time lag (Real > TO) 

Remarks: 1. A t  l e a s t  one RANDPS card must be present with the same s e t  identification number. 

2. The time lags defined on th i s  card are given by 

Ti = To t Tmax N - To ( i  - 11 ,  i = l , N + l  

3. Time lag s e t s  must be selected in the Case Control Deck (RAND@M=SID) t o  be 
used by NASTRAN. 
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Input Data Card RFBKCE Rotational Farce 

Description: Defines a  s t a t i c  loading condition due t o  a  cent r i fugal  force  f i e l d .  

Format and Example: 

Fie1 d  Contents 

SID 
G 

CID 

A 

Load s e t  i den t i f i ca t ion  number ( In teger  > 0) 

Grid point  iden t i f i ca t ion  number ( In teger  2 0) 

Coordinate system defining ro ta t ion  d i r ec t ion  ( In teger  2 0) 

Scale f ac to r  f o r  ro ta t ional  ve loci ty  in  revolutions per un i t  time (Real ) 

2 2 Rectangular components of ro t a t ion  d i r ec t ion  vector (Real ; N'I -I- 1\12' c N3 > 0,121 

Remarks: 1. G = 0 means the  basic coordinate system or ig in .  

2. CID = 0 means the  basic coordinate system. 

3.  Load s e t s  must be se lec ted  in the Case Control Deck (L@AD=SID) t o  be used by 
NASTRAN. 

4, Rotational force  s e t s  can be combined with o ther  s t a t i c  loads only by using the 
L0AD bulk data card. 
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Input Data Card RINGAX Conical Shell Ring 

Description: Defines a ring fo r  conical shell  problems. 

Format and Example: 

1 2 3 4 5 6 7 8 9 10 

Field Contents 

ID Ring ident i f icat ion number (Integer > 0) 

R Ring radius (Real > 0.0) 

Z Ring axial  location (Real) 

Permanent sing1 e-point constraints (any unique combination of the d i g i t s  
1-6) 

Remarks: 1 .  This card i s  allowed i f  and only i f  an AXIC card i s  a lso  ~ r e s e n t .  

2. The number of degrees of freedom defined i s  (6-PS). H where H i s  the harmonic 
count and PS i s  the number of d i g i t s  in f i e l d  8. (See AXIC card.) 

3. RINGAX iden t i f i ca t ion  numbers must be unique with respect to  a l l  o ther  PgINTAX, 
RINGAX and SECTAX ident i f icat ion numbers. 

4. For a discussion of the conical shel l  problem, see Section 5.9 of the Theoretical 
Manual. 
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BULK DATA MCK 

Input Data Card RLBAD1 Frequency Response Dynami c Load 

Description: Defines a frequency dependent dynamic load of the form 

for  use in frequency response problems. 

Format and Example: 

Field Contents 

SI D Set  iden t i f i ca t ion  number (Integer > 0) 

L Ident i f icat ion number of DAREA card s e t  which defines A ( Integer  > 0) 

M Ident i f icat ion number of DELAY card s e t  which defines T ( Integer  0) 
N Ident i f icat ion number of DPHASE card s e t  which defines 0 (Integer 2 0) 

Set  iden t i f i ca t ion  number of TABLEDi card which gives C(f)  ( Integer  2 0; 
TC + TD > 0)  

Se t  iden t i f i ca t ion  number of TABLEDi card which gives D(f) ( Integer  2 0; 
TC + TD > 0) 

Remarks: 1. I f  any of M ,  N ,  TC or TD are  blank or zero, the corresponding T ,  8,  C ( f ) ,  or D(f) 
will  be zero. 

2. Dynamic load s e t s  must be selected in the Case Control Deck (DLpAD=SID) t o  be used 
by NASTRAN . 

3.  RLIbADl loads may be combined with RLBAD2 loads only by specification on a DLBAD 
card. That i s ,  the SID on a RLBADl card may be the same as t h a t  on a RLgAD2 
card. 

4. SID must be unique fo r  a l l  RLgAD1, RLBADP, TLIbAD1 and TLBADE cards 
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Input Data Card RLfJAD2 Frequency Response Dynami c Load 

Description: Defines a frequency dependent dynamic load of the form 

for use in frequency response problems. 

Format and Example: 

Field - Contents 

SID Set identification number (Integer > 0) 

L Identification number of DAREA card s e t  which defines A (Integer > 0) 

M Identification number of DELAY card s e t  which defines T (Integer z 0) 

N Identification number of DPHASE card s e t  which defines 0 (Integer 2 0) 

TB Set ident i f icat ion number of TABLEDi card which gives B(f) (Integer > 0) 

TP Set ident i f icat ion number of TABLEDi card which gives @ ( f )  (Integer 2 0) 

Remarks: 1. If  any of M ,  N or TP are zero, the corresponding T, 0 or  @ ( f )  will be zero. 

2. Dynamic load sets  must be selected in the Case Control Deck (DLflAD=SID) to  be used 
b? NASTRAN. 

3 .  RLfJAD2 loads may be combined with RLgAD1 loads only by specification on a DLPAD 
card. That i s ,  the SID on a RLfJAD2 card may be the same as that  on a RLflAD1 
card. 

4. SID must be unique for  a1 1 RL0AD1, RLOAD2, TLOADl and TLOADP cards. 
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I n p u t  Data Card SECTAX Conical She1 l Sector 

Description: Defines a sector of a conical shell  - 

Format and Exanipl e : 

Field Contents 

ID Sector identification number (Unique Integer > 0 )  

RID Ring identification number (see RINGAX)(Integer > 0)  

R Effective radius (Real) 

PHI1 Azimuthal l imits of sector in degrees (Real ) 

Remarlcs: 1. This card i s  allowed i f  and only i f  an AXIC card i s  also present. --- 
2 .  SECTAX identification numbers must be unique with respect to a l l  other PFIINTAX, 

RINGAX and SECTAX identification numbers. 

3. For a discussion of the conical shell  problem, see Section 5.9 of the Theoretical 
Manual. 
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Input Data Card SEQEP Extra Point Resequenci ny 

Descri t ion :  The purpose of t h i s  card i s  t o  allow the user to re ident i fy  the formation sequence 
of t e extra  points of h is  s t ructural  model in such a way as t o  optimize bandwidth which i s  + 
essenti  a1 for  e f f i c i e n t  solutions by the displacement method. 

Format and Example: 

Field Con ten t s  

ID Extra point iden t i f i ca t ion  number ( Integer  > 0 )  

SEQI D Sequenced iden t i f i ca t ion  number (a  special  number described below) 

Remarks: 9 .  ID i s  any extra point iden t i f i ca t ion  number which i s  t o  be re iden t i f i ed  for  
sequencing purposes. The sequence number i s  a special number which may have any of 
the following forms where X i s  a decimal in teger  d i g i t  - X X X X . X . X . X ,  X X X X . X , X ,  
X X X X . X  or X X X X  where any of the leading X's may be omitted. This number must con- 
t a in  no imbedded blanks. 

2. I f  the user wishes t o  inse r t  an extra  point between two already exis t ing g r id ,  
sca la r  and/or extra  points,  such as 15 and 16, fo r  example, he would define i t  a s ,  
say 5392, and then use t h i s  card t o  inse r t  extra point n ~ n b e r  5392 between them by 
equivalencing i t  t o ,  say,  15.6. All output referencinq t h i s  point will  r e f e r  t o  
5392. 

3. The SEQID numbers must be unique and may not be the same as a point ID which i s  not 
being changed. No extra  point ID may be referenced more than once. 

4. continuation cards (small f i e l d  or large f i e l d )  are  allowed with e i t h e r  the 
SEQGP or the SEQEP card. 

5. From one to  four extra  points may be resequenced on a s ingle  card 
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Input Data Card SEQGP Grid and Scalar Poi n t  Resequenci ng 

Description: Used to  order the grid points and user-supplied sca la r  points of the problem. The 
purpose of t h i s  card i s  t o  allow the user t o  re ident i fy  the formation sequence of the grid and 
scalar  points of h is  s t ructural  model in such a way as t o  optimize bandwidth which i s  essent ia l  
for  e f f i c i e n t  solutions by the displacement method. 

Fonnat and Example : 

Field Contents 

ID Grid or scalar  point iden t i f i ca t ion  number (Integer > 0) 

SEQID Sequenced ident i f icat ion number (a speci cal number described below) 

Remarks: 1. ID i s  any grid or scalar  point iden t i f i ca t ion  number which i s  t o  be re iden t i f i ed  
f o r  sequencing purposes. The gr id  point sequence number (SEQID) i s  a special  
number which may have any of the following forms where X i s  a decimal integer d i g i t  
- X X X X . X . X . X ,  X X X X . X . X ,  X X X X . X  or XXXX where any of the leading X's may be omitted. 
This number must contain no imbedded blanks. 

2. I f  the user wishes t o  i n s e r t  a gr id  point between two already exis t ing g r id  points,  
such as 15 and 16, f o r  example, he woulgdefine i t - a s ,  say 5392, and then use t h i s  
card t o  inse r t  gr id  point number 5392 between them by equivalencing i t  t o ,  say 15.6. 
A1 1 output referencing t h i s  point wi 11 r e f e r  t o  5392. 

3. The SEQID numbers must be unique and may not be the same as a point ID which i s  not 
being changed. No grid point ID may be referenced more than once. 

4. continuation cards (small f i e l d  o r  large f i e l d )  a re  allowed with e i t h e r  the SEQGP 
o r  the  SEQEP card. 

5. From one t o  four grid o r  s c a l a r  points may be resequenced on a s ingle  card. 
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Input Data Card SL0AD Sta t ic  Scalar Load 

Description: Used t o  apply s t a t i c  loads t o  scalar points. 

Format and Example: 

Field Contents 

SI D Load s e t  identification number (Integer > 0) 

S Scalar point identification number (Integer > 0) 

F Load value (Real) 

Remarks: 1. Load sets  must be selected in the Case Control Deck (LBAD=SID) to  be used by 
NASTRAN . 

2. Up to three scalar  loads may be defined on a single card. 
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Tnplrt Data Card SPC Sinqle-Point Constraf n t  

Description : Deefi nes sets  of si  ngle-poi n t  constraints and enforced displacements . 
- .- 

Format and Exanipx: 

Field -- Contents 

SID Identification number of s ingle-poi n t  constraint s e t  (Integer > 0) 

G Grid or  scalar point identification number (Integer > 0) 

C Component number (6 2 Integer 2 0; up t o  s ix  unlque such d ig i t s  may be placed 
in the f i e ld  with no imbedded blanks) 

D Value of enforced displacement for a31 coordinates designated by G and C (Real) 

Remarks : 1.  A coordinate referenced on t h i s  card may not appear as a dependent coordinate in a 
mu1 t i  point constraint relation (MPC card),  nor may i t  be referenced on a SPC1, PMIT, 
BMITl or  SUPflRT card. D must be 0.0 f o r  dynamics problems. 

2 .  Si ngle-poi nt forces of constraint recovered during s t ress  data recovery. 

3 .  Single-point constraint se t s  must be selected in the Case Control Deck (SPC=SID) to  
be used by NASTRAN. 

4 .  From one t o  twelve single-point constraints may be defined on a single card. 

5 .  SPC degrees of freedom may be redundantly specified as permanent constraints on the 
G R I D  card. 
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Input Data Card Sing1 e-Poi n t  Constraint 

Description: Defines sets  of single-poi n t  constraints . 

Format and Example: 

Field Contents 

SI D Identification number of sinale-poi n t  constraint s e t  (Integer > 0) 

Component number (Any unique combination of the digi ts  1-6 (with no imbedded 
blanks) when point identification numbers are r i d  points; must be null i f  
point identification numbers are scalar  points 9 

G i Grid or  scalar point identification numbers (Integer > 0) 

Remarks : 1 . Note tha t  enforced displacements are not available via th i s  card. As many contin- 
uation cards as desired may appear. 

2. A coordinate referenced on th i s  card may not appear as a dependent coordinate in 
a multipoint constraint re lat ion,  nor may it  be referenced on a SPC, 0MIT, 0MIT1, 
SUP0RT card. 

3. Single-point constraint sets  must be selected i n  the Case Control Deck (SPC=SID) t o  
be used by - N X T ~  

4. SPC degrees of freedom may be redundantly specified as permanent constraints on the 
GRID card. 
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Input Data Card SPCADD Single-Poi n t  Constraint 

Descri t ion:  Defines a single-point constraint s e t  as a union of single-point constraint sets  
efi  ned v i  a SPC or SPCS cards. + 

Format and Example: 

Field Contents 

SI D Identification number for  new sing1 e-point constraint s e t  (Integer > 0) 

Identification numbers of s i  ngle-poi n t  constraint sets  defined via SPC or SPCl 
cards (Integer > 0; SID f Si)  

Remarks: 1. Single-point constraint sets  must be selected in the Case Control Deck (SPC=SID) t o  
be used by NASTRAN. 

2. No Si may be the identification number of a single-point constraint s e t  defined 
by another SPCADD card. 

3.  The Si values must be unique. 
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Input Data Card SPCAX Conical Shell Single-Point Constraint 

Description: Defines sets  of single-point constraints for conical shell coordinates. Enforced 
displacements may also be defined. 

Format and Example: 

Fie1 d Contents 

SPCAX 

SPCAX 

SID 

RID 

HID 

C 

v 

Identification number of single-point constraint s e t  (Integer > 0) 

Ring identification number (see RINGAX) (Integer 2 0) 

Harmonic identification number (Integer 2 0) 

Component identification number (any unique combination of the d ig i t s  1-6) 

Enforced displacement value (Real ) 

SID 

2 

Remarks: 1 .  This card i s  allowed i f  and only i f  an AXIC card i s  also present. 

2. Single-point constraint sets  must be selected in the Case Control Deck (SPC=SID) to 
be used by NASTRAN. 

3. Coordinates appearing on SPCAX cards may not appear on MPCAX, SUPAX or DMITAX cards. 

RID 

3 

4. For a discussion of the conical shell problem, see Section 5.9 of the Theoretical 
Manual . 

HID 

4 
C 

13 

V 

6.0 
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I n p u t  Data Card SPpINT Scalar  P o i n t  

De5cript.i on: Defines sca la r  points o f t h e  estuctmral model. - -- 

Fonfla t and Example: 

Alternate Form 

-. 

F.i el d Contents 

ID,ID'I ,ID2 Scalar point  iden t i f i ca t ion  number ( In tege r  > 0; ID1 < ID2) 

Remarks: 1. Scalar  point  defined by t h e i r  appearance on a s c a l a r  connection card  seed s. -- 
appear on a SP@INT card. 

2. Identif- isation numbers of s c a l a r  points ,  ex t r a  poiiits (EPOINT) and geoinetric g r i d  
points ( G R I D )  must a11 be unique. 

3. This card i s  used prinlarily to  define s c a l a r  points appearing i n  s-ingle o r  muli3ipoint 
const ra in t  equations but t o  which 1-10 s c a l a r  elenten t s  a re  connected. 

4. I f  the a l t e r n a t e  form i s  used, s c a l a r  points ID1 thru ID2 are  defined,  

5 .  For a discussion of s c a l a r  points ,  see Section 5.6 of the  Theoretical Manual. 
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Input Data Card SUPAX Conical She1 1 Fictit ious Support 

Description: Defines conical she1 1 coordinate a t  which the user desires determinate reactions 
to  be applied to  a free body during analysis. 

Format and Example: 

Fie1 d Contents 

RID Ring ident i f icat ion number (Integer > 0)  

HID Harmonic identification number (Integer 0) 
C Component number (any unique combination of the d ig i t s  1-6) 

Remarks: 1.  This card i s  allowed i f  and only i f  an AXIC card i s  also present. 

2 .  Up to 12 coordinates may appear on a single card. 

3. Coordinates appearing on SUPAX cards may not appear on MPCAX, SPCAX or OMITAX 
cards. 

4. For a discussion of the conical shell  problem, see Section 5.9 of the Theoretical 
Manual . 
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Input Data Card SUPBRT F ic t i t i ous  Support 

Description: Defines coordinates a t  which the user des i res  determinate react ions  t o  be applied 
t o  a f r ee  body during analys is .  

Format and Example: 

Field Contents 

ID Grid o r  s c a l a r  point  iden t i f i ca t ion  number ( In teger  > 0)  

Component number (Zero o r  blank f o r  s c a l a r  points ;  any unique combination of the  
d i g i t s  1-6 f o r  gr id  points)  

Remarks: 1. Coordinates defined on t h i s  card may not appear on single-point  cons t r a in t  cards 
(SPC, SPCl), on omit cards (flMIT, flMIT1) o r  i n  multipoint  const ra in t  equations as 
dependent coordinates (MPC) . 

2. From one t o  twenty-four support coordinates may be defined on a s ingle  card. 
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Input Data Card TABDMPl Structural Damping Tab1 e 

Description : Defines structural damping as a tabu1 a r  function of frequency. 

Format and Example : 

BC k- 1 2.5 1 .01057 1 2.6 1 .01362 1 ENDT I I I I - 

(etc.  ) 

Field Contents 

ID Table ident i f icat ion number (Integer > 0) 

i Frequency value in cycles per unit  time (Real 2 0.0) 

gi Damping value (Real ) 

Remarks: 1. The f i  must be in e i ther  ascending or  descending order but not both. 

2. Jumps ( f i  = f i + l )  are allowed, but not a t  the end points. 

3.- A t  l e a s t  two entr ies  must be present. 

4. Any f i  , gi entry may be ignored by placing the BCD s t r ing  "SKIP" in e i ther  of two 

f ie lds  used for  tha t  entry. 

5. The end of the table i s  indicated by the existence of the BCD s t r ing "ENDT" in 
e i ther  of the two f ie lds  following the l a s t  entry. An error  i s  detected i f  any con- 
tinuation cards follow the card containing the end-of-table f lag "ENDT". 

6. The TABDMPl mnemonic infers the use of the algorithm 

where F i s  input t o  the table and G i s  returned. The table look-up g (F) i s  per- 
formed using 1 inear interpolation within the table and 1 inear extrapolation outside 
the table usin the l a s t  two end points a t  the appropriate table end. A t  jump points 
the average gJF) i s  used. There are  no e r ror  return7 from this  table loot-up pro- 
cedure. 

7. Structural damping tables must be selected in the Case Control Deck (SDAMP=ID) t o  
be used by NASTRAN. 

8. Structural damping i s  used only in modal formulations of complex eigenvalue analysis,  
frequency response analysis,  or transient response analysis. 
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Input Data Card TABLED1 Dynamic Load Tabular Function 

Description: Defines a tabular  function f o r  use in generating frequency-dependent and  t-ime- 
dependent dynamic loads. 

Format and Example: 

Field Contents 

I D  Table iden t i f i ca t ion  number ( In teger  > 0)  

X i s  Y i  Tabular e n t r i e s  (Real ) 

Remarks: 1 .  The xi must be in e i t h e r  ascending o r  decending order but not both. 

2 .  Jumps between two points (xi = xi+, )  a re  allowed, but not a t  the  end p o i n t s .  

3. A t  l e a s t  two en t r i e s  must be present.  

4. Any x-y entry may be ignored by placing the  BCD s t r i n g  "SKIP" in e i t h e r  o f  the two 
f i e l d s  used f o r  t h a t  ent ry .  

5.  The end of the  table  i s  indicated by the  existence of the BCD s t r i n g  "ENDT" i n  ei ther.  
of the two f i e l d s  following the  l a s t  ent ry .  An e r r o r  i s  detected i f  any coi~i:ii,u~:t?on 
cards follow the card containing the  end-of-table f l ag  "ENDT". 

6.  Each TABLEDi mnemonic in fe r s  the use of a spec i f i c  algorithm. For TABLED.! type 
t ab les ,  t h i s  a1 gori t h m  i s  

where X i s  input to  the  t ab le  and Y i s  returned. The t ab le  look-up yp(x ) '  x = X ,  i s  
performed using l i n e a r  in terpola t ion within the t ab le  and l i n e a r  extrapolation o u t -  
s ide  the t ab le  using the  l a s t  two end points a t  the  appropriate table  end. A t  jump 
points the average yT(x) i s  used. There are  no e r r o r  returns from t h i s  t ab le  l o o k - i ~ p  
procedure. 
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Input Data Card TABLED2 Dynamic Load Tabu1 a r  Function 

Description: Defines a tabular  function f o r  use in generating frequency-dependent and time- 
dependent dynamic loads.  Also contains parametric data f o r  use with the  t ab le .  

Format and Example: 

( e t c .  ) 

Field Contents 

ID Table iden t i f i ca t ion  number ( In teger  > 0 )  

X 1 Table parameter (Real ) 

X i ,  Yi  Tabular e n t r i e s  (Real ) 

Remarks: 1. The xi must be in e i t h e r  ascending o r  decendi ng order but not both. 

2. Jumps between two points (xi = ) are a1 lowed, but not a t  the  end points .  

3 .  A t  l e a s t  two e n t r i e s  must be present.  

4. Any x-y ent ry  may be ignored by placing the BCD s t r i n g  "SKIP" in e i t h e r  of the two 
f i e l d s  used f o r  t h a t  ent ry .  

5 .  The end of  the  t ab le  i s  indicated by the existence of the BCD s t r i n g  "ENDT" in e i t h e r  
of the  two f i e l d s  following the  l a s t e n t r y .  An e r r o r  i s  detected i f  any continuation 
cards follow the  card containing the  end-of-table f l ag  "ENDT". 

6. Each TABLEDi mnemonic i n f e r s  the use of a s p e c i f i c  algorithm. For TABLED2 type 
t ab les ,  t h i s  a lgor i  thrn i s  

IY = y,(x - XI )I 
where X i s  input t o  the  table  and Y i s  returned. The table  look-up yT(x) ,  x = X-XI, 
i s  performed using l i n e a r  in terpola t ion within the table  and l i n e a r  extrapolation 
outside the  table  using the  l a s t  two end points a t  the appropriate table  end. A t  
jump points the average yT(x)  i s  used. There a re  no e r r o r  returns from t h i s  table  
1 ook-up procedure. 
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Input Data Card TABLED3 Dynamic Load Tabular Function 

Description: Defines a tabular function for use in generating frequency-dependent and time- 
dependent dynamic loads. Also contains parametric data for  use with the table.  

Format and Example : 

Field Contents 

ID Table identification number (Integer > 0)  

XI, X2 Table parameters (Real ; X2 f 0.0) 

XiY Yi Tabular entr ies  (Real ) 

Remarks: 1 .  The xi must be in e i ther  ascending or  descending order but not both. 

2. Jumps between two points (xi = ) are allowed, but not a t  the end points 

3.  A t  l eas t  two entries must be present. 

4. Any x-y entry may be ignored by placing the BCD s t r ing "SKIP" in ei ther  of the two 
f ie lds  used for  that  entry. 

5. The end of the table i s  indicated by the existence of the BCD string "ENDT" in e i ther  
of the two f ie lds  following the l a s t  entry. An error  is  detected i f  any continuation 
cards fo l l  ow the card contai ni ng the end-of -table flag "ENDT" . 

6 .  Each TABLEDi mnemonic infers the use of a specif ic  algorithm. For TABLED3 type 
tables,  this  algori t h m  i s  

X - X I  where X i s  input to  the table and Y i s  returned. The table look-up yT(x) ,  x = --- X2 

i s  performed using l inear  interpolation within the table and l inear  extrapolation 
outside the table using the l a s t  two end points a t  the appropriate table end. A t  
jump points the average yT(x) i s  used. There are no error  returns from th is  table 
look-up procedure. 
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Input Data Card TABLED4 Dynamic Load Tabular Function 

Descri t ion:  Defines coefficients of a power ser ies  for  use in generating frequency-dependent 
h P e n d e n t  dynamic loads. Also contains parametric data for  use with the table.  

Format and Example : 

etc .  

Field Contents 

ID Tab1 e identification number (Integer > 0) 

XI ,X2,X3,X4 Table parameters (Real; X2 f 0.0; X3 < X4) 

Ai Coefficient entr ies  (Real ) 

Remarks: 1. A t  l e a s t  one entry must be present 

2. The end of the table i s  indicated by the existence of the BCD s t r ing "ENDT" in the 
f i e ld  following the l a s t  entry. An error  i s  detected i f  any continuation cards 
follow the card containing the end-of-table flag "ENDT". 

3. Each TABLEDi mnemonic infers the use of a specif ic  algorithm. For TABLED4 type 
tables,  th i s  algorithm i s  

1 = Ai ( ~ ) ~ l  
i=O 

where X i s  input t o  the table  and Y i s  returned. Whenever X < X3, use X3 for  X ;  
whenever X > X4, use X4 fo r  X. There are N + 1 entr ies  in the table.  There are 
no e r ror  returns from th is  table look-up procedure. 
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I n p u t  Data Card TABLEMl Materi a1 Property Table 

Description: Defines a tabular function f o r  use in generating temperature dependent material  
proper t ies .  

Format and Example: 

( e t c .  ) 

Field Contents 

ID Table iden t i f i ca t ion  number ( In teger  > 0 )  

x i ,  Yi  Tabular e n t r i e s  (Real ) 

Remarks: 1.  The xi must be in  e i t h e r  ascending o r  descending order but not both. -- 

2 .  Jumps between two points (xi = xi+, ) a re  al  lowed, but not a t  the end points.  

3 .  A t  l e a s t  two e n t r i e s  must be present.  

4, Any x-y entry may be ignored by placing the  BCD s t r i n g  "SKIP" in  e i t h e r  of the two 
f i e l d s  used f o r  t h a t  ent ry .  

5 .  The end of the table  i s  indicated by the existence of the BCD s t r i n g  "ENDT" i n  e i t h e r  
of the  two f i e l d s  following the  l a s t  ent ry .  An e r r o r  i s  detected i f  any continuation 
cards follow the  card containing the  end-of-table f l a g  "ENDT". 

6 .  Each TABiEMi mnemonic i n f e r s  the  use of a spec i f i c  algorithm. For TABLEMI type 
t ab les ,  t h i s  algorithm i s  

where X i s  input t o  the  table  and Y i s  returned. The t ab le  look-up yT(x) ,  x = X ,  
i s  performed using l i n e a r  in terpola t ion within the t ab le  and l i n e a r  ext rapola t ion 
outside the table  using the  l a s t  two end points a t  the appropriate t ab le  end. A t  
jump points the average yT(x)  i s  used. There are  no e r r o r  re turns  from t h i s  t ab le  
look-up procedure. 
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Input Data Card TABLEM2 Material Property Table 

Description: Defines a tabular  function f o r  use in generating temperature dependent material  
proper t ies .  Also contains parametric data  f a r  use with the t ab le .  

Format and Example: 

( e t c .  ) 

Field Contents 

ID Table iden t i f i ca t ion  number ( In teger  > 0) 

X I  Tab1 e parameter (Real ) 

Xi' Yi Tabular e n t r i e s  (Real ) 

Remarks: 1. The xi must be in  e i t h e r  ascending o r  descending order b u t  not both. 

2 .  Jumps between two points (xi = xi,] ) a re  allowed, but not a t  the end points.  

3. A t  l e a s t  two en t r i e s  must be present.  

4. Any x-y ent ry  may be ignored by placing the BCD s t r i n g  "SKIP" i n  e i t h e r  of the two 
f i e l d s  used f o r  t h a t  ent ry .  

5. The end of  the  table  i s  indicated by the  es:ist.ence of the BCD s t r i n g  "ENDT" in e i t h e r  
of the  two f i e l d s  following the  l a s t  ent ry .  An e r r o r  i s  detected i f  any continuation 
cards follow the card containing the  end-of-table f l ag  "ENDT". 

6. Each TABLEMi mnemonic in fe r s  the  use of a spec i f i c  algorithm. For TABLEMZ type 
t ab les ,  t h i s  algorithm i s  

where X i s  input to  the  t s b l e ,  Y i s  returned and Z i s  supplied from the basic MATi 
card. The table  look-up y T ( x ) ,  x = X - X I ,  i s  performed using- l i n e a r  in t e rpo la t i an  
within the  table  and l inea r  extrapolation outside the table  using the  l a s t  two end 
points a t  t he  appropriate table  end. A t  jump points the average yT(x)  i s  used. 
There are no e r r o r  returns from t h i s  table  look-up procedure. 
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Input Data Card TAB/-EM3 Materi a1 Property Tab1 e 

Description: Defines a tabular function fo r  use in generating temperature dependent material 
properties.  Also contains parametric data fo r  use with the t ab le .  

Format and Example : 

Field Contents 

ID Table ident i f icat ion number ( Integer  > 0) 

XI, X2 Table parameters (Real ; X 2  f 0.0) 

Xis Yi Tabu1 a r  en t r i e s  (Real ) 

Remarks: 1 .  The xi must be in e i t h e r  ascending o r  descending order but not both. 

2. Jumps between two points (xi = ) are a1 lowed, but not a t  the end points.  

3. A t  l e a s t  two en t r i e s  must be present. 

4. Any x-y entry may be ignored by placing the BCD s t r i n g  "SKIP" in e i t h e r  of the two 
f i e lds  used f o r  t h a t  entry.  

5. The end of the table i s  indicated by the existence of the BCD s t r i n g  "ENDT" in e i t h e r  
of the two f i e lds  following the l a s t  entry .  An e r r o r  i s  detected i f  any continuation 
cards follow the card containing the  end-of-table f lag "ENDT". 

6 .  Each TABLEMi mnemonic in fe r s  the use of a spec i f i c  algorithm. For TABLEM3 type 
tables ,  t h i s  algorithm i s  

where X i s  inout to  the t ab le ,  Y i s  returned and Z i s  suoolied from basic MATi card. . , 
The table  look-up yT(x) ,  x = v, i s  performed using l inea r  in terpolat ion within 

the table  and l inea r  extrapolation outside the table  usin the l a s t  two end points a t  
the appropriate table end. A t  j ump points the average y$x) i s  used. There are no 
e r ro r  returns from t h i s  table look-up procedure. 
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Input Data Card TABLEM4 Materi a1 Property Tab1 e 

Description: Defines coefficients of a power ser ies  for use in generating temperature 
dependent materi a1 properties. A1 so contains parametric data for  use with the tab1 e. 

Format and Example: 

etc .  

Field - Contents 

ID Table identification number (Integer > 0) 

XI ,X2,X3,X4 Tab1 e parameters (Real ; X2 f 0.0; X3 < X4) 

Ai Coefficient entries (Real ) 

Remarks: 1. A t  l eas t  one entry must be present. 

2. The end of the table i s  indicated by the existence of the BCD string "ENDT" in the 
f ie ld  following the l a s t  entry. An e r ror  i s  detected i f  any continuation cards 
follow the card containing the end-of-table flag "ENDT". 

3. Each TABLEMi mnemonic infers the use of a specific algorithm. For TABLEM4 type 
tables, th i s  algorithm i s  

I J 

where X i s  input to the table, Y i s  returned and Z i s  supplied from the basic MATi 
card. Whenever X < X3, use X3 fo r  X ;  whenever X > X4, use X4 for  X. There are N +1 
entries in the table. There are no error  returns from this  table look-up procedure. 
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Input Data Card TABLES1 Tabular Stress-Strain Function 

Description: Defines a tabular s t ress-s trai  n function for use in Piecewi se  Linear Analysis. 

Format and Example: -- 

Field Con tents 

ID Table identification number (Integer > 0) 

X i s  Yi  Tabular entr ies  (Real) 

Remarks: 1 .  The xi must be in e i ther  ascending or  descending order but not both. 

2. For Piecewise Linear Analysis, the y .  numbers must fonn a nondecreasing sequence for  
an ascending xi sequence and vice vefsa. 

3 .  Jumps between two points (xi = ) are allowed, but not a t  the end points. 

4. A t  l eas t  two entr ies  must be present. 

5. Any x-y entry may be ignored by placing the BCD s t r ing "SKIP" in e i ther  of the two 
f ie lds  used for  that  entry. 

6 .  The end of the table f s indicated by the existence of the 6CD str ing "ENDT" in e i t he r  
of the two f ie lds  following the l a s t  entry. An error  i s  detected i f  any continuation 
cards fol low the card containing the end-sf-table flag "ENDT". 

Each TABLESi mnemonic 'infers the use of a specific algorithm. For TABLES1 type 
tables ,  th i s  a1 gori t h m  i s  

where X i s  input to  the table and Y i s  returned. The table look-up y (x ) ,  x = Xl_is 
performed _using l inear  interpolation within the table and l inear  extrapolation out- 
side the table  using the  l a s t  two end points a t  the appropriate table end. A t  
jump points the average yT(x) i s  used. There are no e r ror  returns Prom th is  table 
look-up procedure. 

8. The table may have a zero slope only a t  i t s  end. 
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Input Data Card TABRNDl Power Spectral Density Table 

Description: Defines Power Spectral density as a tabular Function of frequency for  use in e 
R a n d o m y s i  s .  Referenced on the RANDPS card. 

Format and Example: 

Field Contents 

ID Tab1 e identification number (Integer > 0)  

i Frequency value in cycles per unit time (Real 2 0.0) 

S? Power Spectral Density (Real ) 

Remarks: 1 .  The f i  must be in e i ther  ascending or descending order but not both. 

2. Jumps between two points ( f i  = f i+ , )  are allowed, but not a t  the end points.  

3. A t  l e a s t  two entr ies  must be present. 

4. Any f-g entry may be ignored by placing the BCD s t r ing "SKIP1' in e i ther  of the two 
f i  e l  ds-used for  tha t  entry. 

5. The end of the table i s  indicated by the existence of the BCD s t r ing "ENDT" in e i ther  
of the two f ie lds  following the l a s t  entry. An e r ror  i s  detected i f  any continuation 
cards follow the card containing the end-of-table flag "ENDT1' 

6 .  The TABRNDl mnemonic infers the use of the algorithm 

where F i s  input t o  the table and G i s  returned. The table look-up g (F) i s  per- 
formed using l inear  interpol ation within the table  and 1 inear extrapoTation outside 
the table using the l a s t  two end points a t  the appropriate table end. A t  jump points 
the average gT(F) i s  used. There are no error  returns from th is  table look-up 
procedure. 
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Input Data Card TEMP Temperature Field 

Description: Defines temperature a t  grid points for  determination of: 
I )  Thermal loading 
2 )  Temperature-dependent materi a1 properties 

Format and Example: 

Field Contents 

SID Temperature s e t  identification number (Integer > 0) 

G Grid point identification number (Integer > 0)  

T Temperature (Real) 

Remarks: 1. I f  thermal e f fec t s  are  requested, a l l  grid points of the structural model must have 
a temperature defined by ei ther  the TEMP card or  the TEMPD card. 

2. Temperature se t s  must be selected in the Case Control Deck (TEMP=sID) t o  be used by 
NASTRAN . 

3. From one t o  three grid point temperatures may be defined on a single card. 
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Input Data Card TEMPAX Conical She1 l Temperature 

Description: Defines temperature se t s  for  conical she1 1 problems. 

Format and Example: 

Field Contents 

SID Temperature s e t  identification number (Integer > 0) 

RID Ring identification number (see RINGAX card)(Integer > 0) 

PHI Azimuthal angle in degrees (Real) 

TEMP Temperature (Real ) 

Remarks: 1. This card i s  allowed i f  and only i f  an AXIC card i s  also present. 

2. One or two temperatures may be defined on each card. 

3.  Temperature sets  must be selected in the Case Control Deck (TEMP=SID) to be used 
by NASTRAN . 

4. For a discussion of the conical shell problem, see Section 5.9 of the Theoretical 
Manual . 
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InputData Card TEldlPD Temperature Field Defaul t 

Descr-iption: Defines a temperature default for  a1 1 grid points of the strrictural ii uic - i  9:ih E c l ~  - 
have not been given a temperature on a TEMP card. 

Format and Example: --.- 

Field Conbents 

SID Teniperature s e t  identification number (Integer > 0 )  

T Default temperature (Real ) 

Remarks: 1 .  I f  thermal effects  are requested, a l l  grid points of the structural model rrlust have 
a temperature defined by ei ther  the TEMP card or the TEMPD card. 

2. Temoerature sets  must be selected in the Case Contr-01 Deck (TEMP=SID) to be used by 
MASTRAN. 

3 .  From one to Pour default tenlperatures inay be defined on a single cdrd. 
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Input Data Card Dynamic Transfer Function 

Description: 1. May be used t o  define a transfer function of the form 

(BO + Blp t B ~ ~ ~ ) U ~  t I (AO(i) + A l ( i ) p + ~ ~ ( i ) ~ ~ ) u ~  = 0 
1 

2. May be used as a means of direct matrix input, 

Format and Exampl e : 

Field - Contents 

SID Set ident i f icat ion number (Integer > 0) 

GD,G(i ) Grid, scalar  or extra point identification numbers (Integer > 0) 

CD,C(i) Component numbers (Nu1 1 or  zero fo r  scalar  o r  extra points, any one of the digi ts  
1-6 for  a grid point) 

BO,B1 ,B2 
0 A ( i ) ,  Transfer function coefficients (Real ) 
A2(i) 

Remarks: 1 .  The matrix elements defined by this  card are added t o  the dynamic matrices for  the 
problem. 

2. Transfer Function se t s  must be selected in the Case Control Deck (TFL=SID) to  be 
used by NASTRAN . 

3. The constraint relation given above will hold only i f  no elements are connected to  
the dependent coordinate. 
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Input Data Card Transient  I n i t i a l  Condition 

Description: Defines values f o r  the  in i  t i  a1 condit ions of coordinates used in Transient  analys is .  
Both displacement and veloci ty  values may be speci f ied  a t  independent coordinates of the s t ruc -  
tu ra l  model. 

Format and Example: 

Field Contents 

SID 

G 

C 

Set  i d e n t i f i c a t i o n  number ( In teger  > 0) 

Grid or  sca la r  or  ext ra  point  iden t i f i ca t ion  number ( In teger  > 0) 

Component number (Null or  zero f o r  s c a l a r  o r  ext ra  points ,  any one of the 
d i g i t s  1-6 f o r  a gr id  point)  
I n i t i a l  di splacement value (Real ) 
Ini  t i  a1 veloci ty  value (Real ) 

Remarks: 1 .  Transient  i n i t i a l  condition s e t s  must be se lec ted  in the Case Control Deck (IC=SID) 
t o  be used by NASTRAN. 

2. I f  no TIC s e t  i s  se lec ted  in  Case Control Deck, a l l  i n i t i a l  condit ions a r e  assumed 
zero. 

3 .  I n i t i a l  condit ions f o r  coordinates not speci f ied  on TIC cards will  be assumed zero. 

4. I n i t i a l  condit ions may be used only in d i r e c t  fornula t ion.  
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Input Data Card TLgAD1 lransi ent Response Dynamic Load 

Description: Defines a time-dependent dynamic load of the form 

{p(t)[  = {A F ( t  - 
for  use in transient response problems. 

Format and Example: 

Field Contents 

SID Set identification number (Integer > 0) 

L Identification number of DAREA card s e t  which defines A (Integer > 0) 

M Identification number of DELAY card s e t  which defines T (Integer 1 0 )  

T F Identification number of TABLEDi card which gives F( t  - T )  (Integer > 0) 

Remarks: 1. I f  M i s  zero, T will be zero. 

2. Field 5 must be blank. 

3. Dynamic s e t s  must be selected in the Case Control Deck (DL@AD=SID) t o  be used 
by NASTRAN. 

4. TLPAD1 loads may be combined with TLflAD2 loads only by specification on a DLgAD 
card. That i s ,  the SID on a TLflADl card may y& be the same as that  on a TLPAD2 
card. 

5. SID must be unique for  a1 1 TLgAD1, TLgAD2, RL0AD1 and RL0AD2 cards. 
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Input Data Card TLBAD2 Transient Response Dynami c Load 

Description: Defines a time-dependent dynamic load of the form 

for use in transient response problems where % = t - TI - T 

Format and Example: 

Field 

SID 

L 

M 

T 1 

12 

F 

Contents 

Set identification number (Integer > 0) 

Identification number of DAREA card s e t  which defines A (Integer > 0) 

Identification number of DELAY card s e t  which defines -c (Integer 2 0) 

Time constant (Real 1 0.0) 

Time constant (Real, T2 > Tl)  

Frequency in cycles per unit time (Real r 0.0) 

Phase angle in degrees (Real 

Exponenti a1 coeffi cient (Real ) 

Growth coefficient (Real ) 

Remarks: 1. If M i s  zero,  will be zero. 

2. Field 5 must be blank. 

3. Dynamic load sets  must be selected in the Case Control Deck (Dl-@AD=SID) t o  be used 
by NASTRAN . 

4. TLPAD2 loads may be combined with TLBADl loads 9 by specification on a DL.BAU 
card. That i s ,  the SID on a TLPAD2 card may not be the same as that on a TLPADI 
card. 

5.  SID must be unique for  a1 1 TLgAD1, TLBAD2, RLOADI and RLflAD2 cards. 
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Input Data Card TSTEP Transient  Time Step 

Description: Defines time s t ep  in t e rva l s  a t  which solution wi l l  be generated and output in 
Transi e n t  Analysi s . 

Format and Example: 

( e t c .  ) 

F i e l d  Contents 

SI D Set  iden t i f i ca t ion  number ( In teger  > 0) 

N(i) Number of time s t eps  of value DT(i ) ( In teger  L 2)  

DT(i) Time increment (Real > 0.0) 
t h  

Na(i Skip f ac to r  f o r  output (Every Na(i )- s t ep  will  be saved f o r  output)  
( In teger  > 0) 

Remarks : TSTEP cards must be se lec ted  in  the  Case Control Deck (TSTEP=SID) in  order t o  be 
used by NASTRAN. 
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2.5 USER'S MASTER FILE 

As a means of aiding the user in handling the large (several boxes of cards) Bulk Data Decks 

which are typical of NASTRAN problems, the User's Master File i s  provided for  storage of many Bulk 

Data Decks on a single tape. There are many advantages to  using a Master File.  For a problem 

that  several investigators are concurrently studying, the User's Master File provides a convenient 

common source of data. Standardization i s  easy t o  impose since there can be only one legitimate 

structural model deck for  any given problem. When various parts of a structure are being analyzed 

separately, they may a l l  be placed on the same User's Master File for  ease of use. Errors due t o  

card handling equipment (and people!) are sharply reduced since a several box input deck i s  reduced 

t o  a few cards. Finally, the convenience to  the user in submitting jobs should be emphasized (run 

decks can be hand-carried! ). 

2.5.1 Use of User's Master File 

Functionally, the User's Master File exhibits a l l  of the properties of an Old Problem jape 

(BPTP) which would resu l t  i f  a job were terminated a f t e r  the NASTRAN preface; only the control 

cards used are different.  Thus the User's Master File (UMF) becomes an alternate source of bulk 

data input t o  NASTRAN which may be modified in identically the same way as bulk data i s  changed 

during a modified res ta r t .  Since the UMF i s  used as an al ternate  @PTP functionally, only one o r  

the other may appear in a run. The UMF, then, i s  used only for  an i n i t i a l  r u n  and may not be used 

in conjunction with a res ta r t .  The checkpoint feature may be used with a UMF r u n ,  however, and 

the resulting New Problem Tape (NPTP) may be used as an PPTP in a subsequent res ta r t .  

In describing the use of the User's Master File,  the UMF control cards will be contrasted with 

t he i r  gPTP counterparts. In place of the setup card fo r  the @PTP tape (see Chapter 5 of the 

Programmer's Manual for  a discussion of these machine and instal 1 ation dependent NASTRAN driver 

control cards),  use a setup card for  the selected UMF tape. In place of the res ta r t  dictionary in 

the Executive Control Deck, use the card 

UMF k , ,  k 2  

described in Section 2 . 2 . 1 ,  which selects  Bulk Data Deck k2 from UMF tape k l  to use in the current 

execution. 



NASTRAN DATA DECK 

To a s s i s t  the NASTRAN user in creating and maintaining User's Master Files,  an auxiliary 

NASTRAN preface module, the User's Master File Editor, i s  provided. The functions performed by 

the Editor are: 

1. Create a New User's Master File (NUMF) from Bulk Data Decks supplied by the user. 

2. List and/or punch Bulk Data Decks from an already existing UMF. 

3 .  Edit Bulk Data Decks (which may be modified) from an old UMF onto a new UMF. 

Bulk Data Decks must be acceptable to the NASTRAN preface (XSPRT and IFP) to be accepted by 

the Editor. 

The executive control card that  causes NASTRAN to  execute as the User's Master File Editor i s  

UMFEDIT. When in the Editor mode, NASTRAN executes only the preface. A separate run i s  required 

to use a User' Master File generated by the Editor. Preface module UMFEDT, which i s  where the 

User's Master File Editor actions occur, reads data cards from the System Input Stream which are 

used to  control Editor act ivi ty.  Some of these data cards precede the Bulk Data Deck being pro- 

cessed while others follow. The remainder of th i s  section will be devoted to  describing these 

cards and the action caused by them. Section 2.5.3 gives some rules to  be followed when making up 

data cards for  the Editor. Several examples will then be given in Section 2.5.4 t o  i l l u s t r a t e  the 

functions performed by the User's Master File Editor. 

Table 1 shows the Editor data cards and describes the action taken for each one. Three 

classes are described, depending on the tapes used. The cards are free-field format as are the 

executive control cards and case control cards previously described. The symbolic quantities t i d  

and pid are arbi t rai ly selected integers chosen by the user who causes the User's Master File to  

be created. 
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2.5.3 Rules f o r  the  User's Master Fi le  Editor 

1 .  The tape iden t i f i ca t ion  number, t i d ,  and the problem iden t i f i ca t ion  number, pid,  a r e  

pos i t ive  in tegers  se lec ted  by the  user.  The only exception t o  t h i s  i s  t h a t  pid may be 

zero i f  the  card i s  being used only t o  speci fy  a value f o r  t i d  o r  t o  ind ica te  a new deck 

ra the r  than an a l t e r  s e t .  

2. The tape iden t i f i ca t ion  number, t i d ,  must be the same f o r  a l l  decks on a s ingle  UMF. 

3.  Only one pass i s  made while e i t h e r  reading the  UMF o r  wri t ing  the  NUMF.  Sequential 

processing requests are  thereby required. This means t h a t  the  problem i d e n t i f i c a t i o n  

numbers must form an increasing sequence corresponding t o  the order of the  decks. 

4. A corol lary  t o  2 i s  t ha t  a deck t o  be inse r t ed  between two decks on an ex i s t ing  UMF must 

be given a problem iden t i f i ca t ion  number whose value " l i e s  between" the  values of the  

problem iden t i f i ca t ion  numbers f o r  the  two UMF decks. Thus, an i n i t i a l  numbering sequence 

such as 10,  20, 30, . . . i s  recommended. 

5. Most NASTRAN users develop the habi t  of "s tor ing"  data cards not needed f o r  a given run 

behind the  ENDDATA card where they are  norinally ignored. This must ---- not be done when 

using the Edi tor  since i t  reads data from t h i s  posit ion.  Data cards following the  FINIS 

card a re  ignored , however. 

2.5.4 Examples of User 's  Master F i l e  Edi tor  Usage 

Several examples of User's Master F i l e  Editor usage a r e  given in  t h i s  sec t ion.  The user i s  

we1 1-advi sed t o  study these examples both from t h e  standpoint  of understanding the functioning of 

the  Editor and from the  standpoint  of learning how to  use t h i s  NASTRAN fea tu re .  A symbolic 

representation of the contents of the  UMF and/or NUMF used i n  each example i s  given along with an 

explanation of s p e c i f i c  items of i n t e r e s t .  These examples i l l u s t r a t e  a l l  of the  capab i l i ty  of the 

User's Master F i l e  Editor.  



NASTMN DATA DECK 

Create a U s e r ' s  Master  F i l e  

ID A,B 
TIME 9 
APP DMAP 
BEGIN 
END 
UMFEDIT 
CEND 
TITLE = USER'S MASTER FILE CONTAINS 
LABEL = PRPBLEMS 50, 60, . . . 
ECHO = BOTH 
MAXLI NES=50000 
B E G I ~ )  

i 1% B u l k  Data 

ENDDATA 
NUMF 21026, 50 
BEGIN BULK) 

1 2 g  B u l k  Data 

ENDDATA 
NUMF 21026% 60 

5 80 
NUMF 

Deck 

Deck 

BEGIN BULK 

L a s t  B u l k  Data Deck, 

ENDDATA ) 
NUMF 21026, 80 
FINIS 

Notes: 1. A tape  must be s e t u p  f o r  NASTRAN f i l e  NUMF. 

2. A tape  must n o t  be se tup  f o r  NASTRAN f i l e  UMF. 

3 .  The DMAP sequence w i l l  n o t  be used b u t  must appear i n  t h e  Execu t i ve  Con t ro l  Deck. 

4. ECHJd = BPTH i s  reconmended s i n c e  t h e  unsor ted Bulk  Data Deck i s  a v a i l a b l e  only d u r i n g  
t h e  r u n  used t o  c r e a t e  t h e  User ' s  Master F i l e .  The s o r t e d  echo i s  needed i n  o r d e r  t o  
make a l t e r a t i o n s  t o  t h e  b u l k  data when us ing  t h e  User ' s  Master  F i l e  i n  a NASTRAN run .  

5. Note t h a t  t h e  tape  i d e n t i f i c a t i o n  number, t i d y  i s  t h e  same on a l l  o f  t h e  NUMF cards.  

6. Note t h a t  t h e  problem i d e n t i f i c a t i o n  numbers, p i d ,  a re  i n c r e a s i n g  accord ing t o  t h e  
d a t a  deck o r d e r .  
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Example 2 ,  t decks from a User 's  Master Fi le  

I D  A , B  
TIME 1 
APP DMAP 
BEGIN 

UMF 21026, 0 
UMFEDIT 
CEND 

PUNPRT 60 ------ I I 
FINIS 

Notes : 1 .  A tape containing the proper User's Master Fi le  mustt be setup on NUSTRAN f i l e  UMF. -- 

2. A tape must not be setup f o r  NASTRAN f i l e  NUMF. 

3. The DMAP sequence will  not  be used but must appear in  the  Executive Control Deck. 

4. The durnny Bulk Data Deck consist ing of a s ing le  blank card wi l l  not be used but lnust 
appear. 

5. ECHp = NpNE i s  recommended t o  suppress pr in tout  of the  dummy Bulk Data Deck. This has 
no e f f e c t  on the  User's Master F i l e  Editor.  

6. The zero value of pid on the  UMF card i s  required s ince  only t i d  i s  being used i n  t h i s  
appl ica t ion.  

7. The LIST, PUNCH, and PUNPRT cards must be sequenced such t h a t  the pid values f o m  an 
increasing sequence. 

8. The above requests wi l l  cause a sor ted  Bulk Data Deck echo to  be made f o r  decks 20 and 
60; decks 50 and 60 wi 11 be punched. 
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I D  A,B 
TIME 5 
APP DMAP 

decks. 

Notes: 1. A tape c o n t a i n i n g  t h e  U s e r ' s  Master  F i l e  t o  be cop ied  must be setup on NASTRAN f i l e  
UMF. 

2. A  tape must be se tup  on NASTRAN f i l e  NUMF. 

3. The DMAP sequence i s  n o t  u$ed b u t  must appear i n  the Execu t i ve  Con t ro l  Deck. 

4. The dummy B u l k  Data Deck c o n s i s t i n g  o f  a  s i n g l e  b l a n k  c a r d  wi 11 n o t  be used b u t  & 
appear. 

5. ECHO = NONE i s  reconmended t o  suppress p r i n t o u t  o f  t h e  d u m y  Bulk  Data Deck. T h i s  has 
no e f f e c t  on t h e  User ' s  Master  F i l e  E d i t o r .  

6. The zero  va lue  o f  p i d  on the  UMF c a r d  i s  r e q u i r e d  s i n c e  o n l y  t i d  i s  be ing  used i n  t h j s  
appl i c a t i o n .  

7. The zero  va lue  o f  p i d  on t h e  NUMF c a r d  i s  n o t  used. T h i s  c a r d  i s  used t o  s p e c i f y  t i d  
f o r  t h e  NUMF. I f  t h e  NUMF c a r d  were absent, t h e  same t i d  would be p u t  on t h e  NUMF as 
e x i s t e d  on t h e  UMF. 

8. The LIST, PUNCH, and PUNPRT cards must be sequenced such t h a t  the  p i d  values fo rm an 
i n c r e a s i n g  sequence. 

9. The above reques ts  will cause a  s o r t e d  Bu lk  Data Deck echo t o  be made f o r  decks 20, 30, 
and 50; decks 20 and 70 w i l l  be punched. 

10. -~l l  o f  t h e  decks con ta ined  on t h e  UMF wi 11 be cop ied  on to  t h e  NUMF tape. The tape  
i d e n t i f i c a t i o n  number w i l l  be d i  F f e r e n t  as e x p l a i n e d  i n  n o t e  7. 
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Example 4. E d i t  a User ' s  Master File 

I D  A,B 
TIME 5 
APP DMAP 
BEGIN 

UMF 21026, 20 

CEND 
TITLE = MPDIFICATIPN @F 
SUBTITLE = DECKS 20 AND 50 
ECHg = BgTH 
BEGIN BULK 

NUMF 

u 
BEGIN BULK' 

{Deck 6 5 )  
ENDDATA- - 
NUMF 333. 65 
LIST 80 >> 

FINIS 

Notes: 1. AAape c o n t a i n i n g  t h e  User ' s  Mas te r  F i l e  t o  be e d i t e d  !IN&& be setup on NASTRAN f i l e  
UMF. 

2. A tape  must be setup on NASTRAN f i l e  NUMF. 

3. The DMAP sequence i s  n o t  used b u t  taust appear i n  t h e  Execu t i ve  Con t ro l  Deck. 

4. ECH@ = BgTH i s  recommended s i n c e  t h e  a1 t e r  cards a r e  a v a i l a b l e  gnl-y d u r i n g  t h e  r u n  
used t o  per form the  e d i t .  The s o r t e d  echo i s  needed f o r  those decks b e i n g  a l t e r e d  i n  
o r d e r  t o  make f u r t h e r  a l t e r a t i o n s  t o  t h e  b u l k  da ta  when u s i n g  t h e  newly c r e a t e d  U s e r ' s  
Master  F i l e  i n  a NASTRAN run.  Decks n o t  be ing  a l t e r e d  will n o t  be echoed as a r e s u l t  
o f  t h e  ECHP = BPTH card. Such decks may be echoed as they a r e  cop ied  as shown i n  t h e  
example f o r  Deck 80. 

5. The p i d  va lues  must form an i n c r e a s i n g  sequence. 

6 .  The r e q ~ ~ r s t s  i n  the above example w i  11 cause l i s t i n g s  t o  be generated f o r  deck 80; no 
decks wi T 1 be punched. 

7. Decks 30, 70, 80, and 90 wi 11 be copied o n t o  t h e  NLIMF w i t h  no changes, 

8. Decks 10, 40, and 60 wi 11 bc i-er.ovf.d ( i  .e., cop ied  on to  the NUMF). 

9. Decks 20 and 50 w i l l  be mod>% ~c i n  a d d i t i o n  t h e  problem i d e n t i f i c a t i n k :  number o f  
Deck 50 w-i 11 be changed t o  55,  

10. Deck 65 w i  11 be added. 

11 . Deck 10 i s  removed because i t  appears p r i o r  t o  the  f i r s t  c a l l  
be avoided by  us ing  a p i d  o f  z e r o  2nd a duinir!y Bulk .at3 Deck 
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Table 1. User's Master F i l e  Ed i to r  Control Card Act ions.  

I .  UMF Only i s  Present 

A+ FINIS 
1. Terminate run. 

B. BEGINBULK (Not A1 1 owed) 
C. REMgVE p i d  (Not A1 lowed) 
D. LIST p i d  

1. Skip UMF forward t o  p i d  and l i s t  the Bulk Data Deck on the p r i n t e r .  
E. PUNCH p i d  

1. Skip UMF fonvard t o  p i d  and punch t h ~  Bulk Data Deck on the  punch. 
F. U M F t i d , p i d  (Not Allowed) 
G. NUMF t i d ,  p i d  (Not Allowed) 
H. PUNPRT p i d  

I. Skip UMF forward t o  p i d  and then l i s t  and punch the  Bulk Data Deck. 

11. NUMF Only i s  Present 

A. FINIS 
1. Wri te end-o f - f i  l e  on NUMF. 
2 .  Terminate run. 

B. BEGIN BULK 
1. Process the  next  Bulk Data Deck. 

C. REMDVE p i d  (Not A1 lowed) 
D. LIST p i d  (Not A1 1 owed ) 
E. PUNCHpid (Not A1 1 owed) 
F. UMF t i d ,  p i d  (Not A1 1 owed) 
G. NUMF L id ,  p i d  

3 .  I f  f i r s t  e n t r y  t o  Ed i to r ,  w r i t e  tape i d e n t i f i c a t ~ o n  f i l e  on NUMF. 
2. Add preceeding Bulk Data Deck t o  NUMF and punch UMF card f o r  use w i t h  UMF 

H. PUNPRT p i d  (Not Allowed) 

111. Both UMF and NUMF are Present 

A. FINIS 
1 . Copy any remai n i  ng Bu1 k Data Decks from UMF t o  NUMF. 
2. Wri te e n d - o f - f i l e  on NUMF. 
3. Terminate run.  

B. BEGIN BULK 
1. Process the  next  Bulk Data Deck which may be a new deck o r  a modi f ied  deck from 

the UMF. 
C. REMDVE p i d  

1. Copy UMF onto  NUMF up t o  ind ica ted deck. 
2. Skip i nd i ca ted  deck on UMF. 

D. LIST p i d  
1. Copy UMF onto NUMF through ind ica ted deck, 
2. L i s t  i nd i ca ted  Bulk Data Deck on p r i n t e r .  

E. PUNCH p i d  
1. Copy UMF onto NUMF through ind ica ted deck. 
2. Punch i nd i ca ted  Bulk Data Deck on p r i n t e r .  

F. UMF t i d ,  p i d  
1. Copy UMF onto NUMF up t o  ind ica ted deck. (Must be immediately fol lowed by BEGIN 

BULK card. ) 
G. NUMF t i d ,  p i d  

1 .  I f  f i r s t  e n t r y  t o  Ed i to r ,  w r i t e  tape j d e n t i f i c a t i o n  f i l e  on NUMF. 
2. Copy UMF onto  NUMF up t o  deck w i th  i J e n t i f i c a t i o n  greater  than p id .  
3 .  Add preceeding Bulk Data Deck t o  NUMF and punch UMF card f o r  use w i t h  UMF. 

H. PUNPRTpid 
1. Copy UMF onto  NUMF through ind ica ted deck. 
2. L i s t  i nd i ca ted  Bulk Dara Deck on p r i n t e r .  
3. Punch i nd i ca ted  Bulk Data Deck on ov:?rh. 
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2.6 USER GENERATED INPUT 

I t  may happen t h a t  a user will want to take a problem previously run on another program and 

run i t  using NASTRAN. In many instances,  t h i s  provides the user with the quickest means of 

familiarizing himself with NASTRAN since he i s  running a problem which he understands intimately.  

Also, he may wish to extend his analysis of some previously analyzed problem in to  regions which 

previdus programs would not allow. In e i t h e r  event,  he i s  faced with the problem of Input Data 

conversion. 

The simplest  way t o  convert s t ructural  model data i s  t o  write a small FBRTRAN ( o r  other  

language) program t o  read in the data cards composing the input data deck fo r  the previous program 

and punch a new NASTRAN Bulk Data Deck. Usually, the information i s  in a one t o  one correspond- 

ence, and t h i s  procedure i s  quite s t r a i g h t  forward, requiring only a minimal knowledge of program- 

ing. While a large deck of cards may r e s u l t ,  by using the User's Master File feature described in 

Section 2 .5 ,  the amount of large deck handling may be minimized. 
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The most general way of using NASTRAN i s  with a user written Direct Matrix Abstraction 

Program (DMAP). This procedure permits the user t o  execute a ser ies  of matrix operations of 

his choice along with any u t i l i t y  modules or executive operations that  he may need. The user 

may even choose t o  write a module of his own. The rules governing a l l  of these operations are 

described in  Section 5. 

In order to  relieve the user from the necessity of constructing a DMAP sequence for  each of 

his problems, a number of such sequences have been included in NASTRAN as rigid formats. A 

rigid format consists of two parts.  The f i r s t  part i s  a DMAP sequence that  i s  stored in NASTRAN 

and available to  the user by specifying the number of the r igid format on the S6L card in the 

Executive Control Deck. The second part of a r igid format i s  a s e t  of res ta r t  tables tha t  auto- 

matically modify the ser ies  of MAP operations t o  account for  any changes that  are made in any 

part of the Data Deck when making a res ta r t ,  a f t e r  having previously run a1 1 ,  o r  a part of the 

problem. Without such tables ,  the user would have to  carefully modify his DMAP sequence t o  

account for  the conditions surrounding each res ta r t .  The chances for  error  in making these modi - 
fications for  res ta r t  are  very great.  The res ta r t  tables not only relieve the user of the burden 

of modifying his DMAP sequence, but also assures him of a correct and e f f ic ien t  program execution. 

In addition to  the DMAP sequence provided with each rigid format, a number of options are 

available, which are subsets of each complete DMAP sequence. Subsets are selected by specifying 

the subset number (zero fo r  the complete DMAP sequence) along with the rigid format number on the 

SBL card in the Executive Control Deck. Besides zero, the following subsets have been provided: 

1. Remove a l l  DMAP instructions associated with loop control (a l l  r igid formats except 3 
and 5) 

2. Remove a l l  WAP instructions associated with the mode acceleration method of data 
recovery ( r ig id  formats 11 and 12). 

3. A union of subsets 1 and 2. 

The removal of instructions associated with loop control assures the Executive System tha t  each 

module will  only be executed once, and that  there i s  no possibi l i ty  of branching back t o  a pre- 

viously executed module. This permits the Executive System to drop f i l e s  ea r l i e r  in the execution 

that  would otherwise have t o  be kept available for  possible looping. The appearance of the REPT 

instruction in the MAP sequence indicates the possibili ty of looping. The removal of the CMAP 

instructions associated with the  mode acceleration method of data recovery a1 lows more e f f i c i en t  
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r e s t a r t s .  The dele t ion of operations For each subset  i s  controlled by the r e s t a r t  t ab le s .  

I f  the  user wishes to  modify the  MAP sequence of a r i g i d  format in some manner not provided 

f o r  in t h 2  avai lable  subsets ,  he can use the ALTER fea ture  described in  Section 2 .  Typical uses 

are  t o  schedule an EXIT p r io r  t o  completion, in  order t o  check intermediate output,  schedule the 

pr in t ing of a t ab le  o r  matrix f o r  diagnostic purposes, and to  de le t e ,  o r  add a functional module 

t o  the MvtAP sequence. Any MAP ins t ruc t ions  t h a t  are  added t o  a r i g i d  format a re  automatically 

executed when a r e s t a r t  i s  performed. The user should be fami l i a r  with the  ru les  f o r  MAP pro- 

graming, as described i n  Section 5 ,  p r io r  t o  making a l t e r a t i o n s  t o  a r i g i d  format. 

The following r i g i d  formats a re  current ly  included in NASTRAN: 

1. S t a t i c  Analysis 

2 .  S t a t i c  Analysis with I n e r t i a  Relief 

3. Normal Mode Analysis 

4. S t a t i c  Analysis with Dif ferent ia l  S t i f fness  

5.  Buckling Analysis 

6.  Piecewise Linear Analysis 

7 .  Direct Complex Eigenval ue Analysis 

8. Direct  Frequency and Random Response 

9. Direct Transient  Response 

10. Modal Complex Eigenval ue Analysis 

11. Flodal Frequency and Random Response 

12. Modal Transient  Response 

3.1.1 Input F i l e  Processor 

The Input Fi le  Processor operates in  the  Preface p r io r  to  the execution of the  MAP opera- 

t ions  in  t h e  r ig id  format. A complete descr ip t ion of the  operations i n  the Preface i s  given in 

the  Programmer's Manual. The main i n t e r e s t  here i s  t o  indica te  the source of data blocks t h a t  

are  crea ted  in  the Preface and hence appear only as inputs in the DNAP sequences of the r i g i d  

formats. None of the data  blocks created by the  Input Fi le  Processor a r e  checkpointed, as they 

a re  always regenerated on r e s t a r t .  The Input Fi le  Processor i s  divided i n t o  three  pa r t s .  The 

f i r s t  pa r t  (PFPS) processes the Case Control Deck, the second p a r t  (IFP) processes the  Bulk  

Data Deck, and the t h i r d  par t  (IFP3) perfonns addit ional  processing of the bulk data cards 

associated with the conical shel l  element. 

3.1-2 
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lFPl processes the Case Control Deck and creates the Case Control Data Block (CASECC),  the 

Plot Control Data Biock (PCDB), and the XY-Plot Control Data Block (XYCDB). IFPl a lso  examines 

a l l  of the cards, except those associated with plntting, for  errors i n  fo rma too  ruse, l f  errors 

are detected, they are classed as ei ther  fatal  or warni~ig, and suitable error messages are pru- 

vided. Reference to  Section 2.3 wi 11 as s i s t  the user in correcting errors in the Case Control 

Deck. If the error i s  f a t a l ,  the Executive System will not allow the execution t o  continue 

beyond the completion of the Preface. 

The Bulk Data Deck -r's sorted in the Preface, i f  necessary, before the execution of the 

second part of the Input File Processor. IFP checks a l l  of the bulk data cards for  errors 

according to the rules given for  each card in Sectiots 2.4. I f  errors are detected, sui table  

messages are provided t o  the user. I f  the error  i s  classed as f a t a l ,  the Executive System wi 11 

not a1 low the execution to continue beyond the completion of the Preface. EFP creates the data 

blocks tha t  are input t o  the various parts of the Geornetry Processor (GEpM1, GEpM2, GEgM3 and 

EEOM4), the Element Properties Table (EPS), the Material Properties Table (MPT), the Element 

Deformation Table (EDT) , and the Direct Input Table (DIT). 

The third part of the Input File Processor (IFP3) converts the information on the special 

conical she1 1 cards (CCpNEAX, FPRCEAX , MOMAX, MPCAX, @MITAX, PCPNEAX, PPINTAX , PWESAX , RINGAX, 

SECTAX, SPCAX, SUPAX, and TEMPAX) to  ref lect  the number of hawnonics specified by the user on 

the AXIC card. This converted information i s  added to any existing information on data blocks 

GEgM1, GEBM2, GEgM3 and GEpM4. 

3.1.2 Functional Modules and Supporti l;g iitfAF Operations 

The MAP 'listings for  the twelve r-igid formats currently included in NASPRAN are presented 

in the following sections. The mnemonics for the major functional modules are circled on the M A P  

l is t ings for ease of ident i f icat ion.  Each major flatictf onal module i s  usually preceeded and/or 

succeeded by several supporti ng DMAP operations . Bi-i ef descr-i pti ons uf the operati uns in the func- 

tional modules are given for each of the rigid formats. The complete details for each functional 

module are given in the Programer's Manual. Additional information i s  also given in the Theoreti- 

cal Manual. The format of a functional module MAP instruction i s  given in Section 5.  

Many of the executive modules in the following l i s t  appear repeatedly in the rigid formats. 

Since the purpose of many of these operations in a rigid format i s  obvious, they are frequently 
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om-itted from the descviptions of the DMAP operations in the following sect ions .  More complete 

descr ip t ions  of the executive nlodules a re  given f n  Sectjon 5 .  

BEGIN indicates  the beginini ng  of the DMAP sequence consti  t u t i  rig the r i g i d  format. 1. - -  

2. FILE niakes declara t ions  r e l a t i v e  t o  a pa r t i cu la r  P i l e .  

ABC = TAPE s t a t e s  t h a t  f i l e  ABC will  be assigned t o  a physical tape i f  one i s  
avai lable .  

D E F  = APPEND s t a t e s  t h a t  f i l e  REF may be extended as the  r e s u l t  of an in ternal  
loop in the r i g i d  format. 

GHI =. SAVE s t a t e s  t h a t  f i l e  GHI should be dropped a f t e r  use as i t  nlay be 
needed f o r  subsequent executions of an in ternal  loop. 

CHKPNT spec i f i e s  a l i s t  of f i l e s  t o  be wri t ten  on the new problem tape ,  including f i l e s  3. - 
t h a t  may have been purged, e i t h e r  because they were not generated i n  t h i s  pa r t i cu la r  
execution or  were e x p l i c i t l y  purged wi t h  a PURGE statement. 

4. LABEL spec i f i e s  a labeled point i n  the sequence of WAP ins t ruc t ions .  Labels are  
referenced by REPT, JUMP and CPND ins t ruc t i ans  . 

5, REPT spec i f i e s  the end of a loop. The var iable  f i e l d  contains the label  name fo r  the 
W n n i n g  of the  loop and the  number of times the 'loop i s  t o  be repeated.  

6 .  spec i f i e s  an unconditional t r a n s f e r  t o  the label indicated.  

7. COND spec i f i e s  a cond! t ional  t r a n f e r  t o  the label indicated based on the value of the 
parameter named. The t r a n s f e r  occurs i f  the parameter value i s  negative. 

8. -- SAVE spec i f i e s  var iable  parameter values t h a t  are  to  be saved f o r  fu ture  use. 

9. PURGE spec i f i e s  the ndiiies of f i l e s  t h a t  are  condit ionally dropped based on the para- 
meter named, 

10. spec i f i e s  the names of f i l e s  t h a t  a r e  condit ionally equivalenced based on the 
paranieter named. 

11. indicates the end of the DMAP sequence consti tat-iu-rg the r i g i d  format and causes a 
norrnal t e m i  ns t i  on when executed. 

3.7.3 Restart  Procedures -- 

Scheduled e x i t s  can be requested a t  any point  -in a r i g i d  format by nitians of the  ALTER fea- 

tu re .  An e x i t  i s  scheduled by inse r t ing  the following cards i n  the Executive Control Deck: 

ALTER K1 

EXIT K2 

ENDALTER 

K1 = M A P  statement number a f t e r  which e x i t  wil l  take place,  

K2 = Number of times EXIT in s t ruc t ion  ni 11 be skipped before being executed - defau l t  i s  
zero. For use w i t h  loops, where user wishes to  execute the loop K2 times before 
scheduling the exi t o  

I f  the user chooses t o  r e s t a r t  the problem without making any changes, t he  Executive System will  
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execute an unmodified r e s t a r t  following the l a s t  completed checkpoint. 

Unscheduled exi ts  are usually caused by errors on jnput cards or errors in the structural 

model resulting from missing or  inconsistent input data. When such errors are detected, an 

unscheduled ex i t  i s  performed accompanied with the output of the applicable user error  messages. 

Following the correction of the input data errors ,  a modified r e s t a r t  can be performed. 

Unscheduled exi t s  may also occur because of machine fai  lure or insuffi ci ent time a1 lowance. 

In these cases, an unmodified r e s t a r t  i s  usually made following the l a s t  completed checkpoint. 

In some cases, where a portion of the problem has been completed, including the output for the 

completed portion, a modified r e s t a r t  must be made following an unscheduled ex i t  due to  insuffi- 

cient time a1 lowance. These s i  tuat i  ons are discussed under case control requi rements in the 

sections dealing with the individual rigid formats. 

The i n i t i a l  execution of any problem must be made with a complete NASTRAN Data Beck, includ- 

ing a l l  of the bulk data. However, a l l  or  part of the bulk data may be assembled from a1 ternate 

input sources, such as the User's Master File or a module written by the user to generate input. 

The User's Master File i s  described in Section 2.5 and user generated input i s  discussed in 

Section 2.6 .  

A New Problem Tape i s  constructed only when checkpointing (CHKPNT) i s  requested in the 

Executive Control Deck. The New Problem Tape should be assigned to a physical tape or other 

storage device that  can be dismounted and saved a t  the conclusion of the execution. A t  the 

completion of an i n i t i a l  execution, the New Problem Tape contains the input deck, with the 

bulk data in sorted form, and a l l  of the f i l e s  that  were checkpointed during the execution. 

For res ta r t s ,  the Old Problem Tape i s  defined as the Problem Tape that  was written during 

the previous execution. The New Problem Tape i s  defined as the Problem Tape written durl'ng the 

current execution, beginning with the res ta r t .  A t  the completion of an unmodified res ta r t  the 

New Problem Tape contains the input deck, with the bulk data in sorted form, a l l  f i l e s  from the 

Old Problem Tape that  are necessary to  complete the solution, and a l l  of the f i l e s  checkpointed 

during the current execution. A t  the completion of a modified r e s t a r t ,  the New Problem Tape i s  

similar,  except the input deck i s  modified according t o  the information submitted for the r e s t a r t .  

For res ta r t s ,  the Bulk Bata Deck consists only o f  delete cards (see Section 2 . 4 )  and new 

cards which the user wishes t o  add. The previous Bulk Bata Beck i s  read from the Old Problem 
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exis t  for  the other r igid formats. 

Under res ta r t  conditions, any deletions or additions t o  the Bulk Data Deck cause the appro- 

priate b i t  positions in the range 9-62 o f  a b i t  mask t o  be turned on. For example, i f  a new FgRCE 

card were introduced into the Bulk Data Deck on res ta r t  of a problem in S ta t ic  Analysis, b i t  posi- 

tion 60 would be turned on. Mnemonics in the Card Name Restart Table with $ appended are associ- 

ated with changes or  conditions in the Case Control Deck. For example, SPC$ indicates a change in 

si ngle-poi n t  constraint selection and would turn on b i t  position 10. PLOT$ indicates the presence 

of a request f o r  structure plots and would t u r n  on b i t  position 18. 

If  the res ta r t  i s  performed on a different  r igid format than the previous exection, the b i t  

position associated with the r igid format number for the previous execution i s  turned on i n  the 

b i t  mask. For example, i f  the previous execution were Normal Modes Analysis ( r ig id  format number 

3) ,  b i t  number 65 in  the mask would be turned on. 

Following the preparation of th i s  mask, i t  i s  compared with the f i r s t  two parts of the 

r e s t a r t  table. Where b i t  positions that  have been turned on in the mask match b i t  positions in 

the res ta r t  table (indicated by the presence of the units d ig i t  fo r  the b i t  posi t ion) ,  the 

associated DMAP instruction i s  marked for  execution. For example, the addition of a new FORCE 

card in S ta t ic  Analysis ( b i t  position 60) will mark the f i r s t  three DMAP instructions for exec- 

t i  on, GP3 along with the four following instructions, and several instructions near the end of 

the DMAP sequence, beginning with SSG1. I f  only the load s e t  number had been changed in the Case 

Control Deck (LOAD$, b i t  position 59), GP3 and the four following instructions would not have 

been marked for execution. 

Examination of the Rigid Format Change Restart Tables for S ta t ic  Analysis indicates tha t  

changing from Normal Modes Analysis to  S ta t ic  Analysis ( b i t  position 65) only marks the f i r s t  

three instructions and several instructions associated wi t h  data recovery for  execution. Actual ly 

several other modules need to be executed as a resul t  of the r igid format change. These addition- 

al modules will be identified with the aid of the File Name Restart Table. 

If  the previous operation marks modules for  execution requiring f i l e s  that  will not be 

generated and are not available on the Old Problem Tape, the b i t  positions for a l l  such f i l e s  are 

determined, and reference i s  made to the File Name Restart Table for  a match to  determine which 

MAP instructions are required to  generate the missing f i l e s .  For example, in a Stat ic  Analysis 

reszart ,  assume that  the Sta"cc Load Table (SLT) i s  needed for r e s t a r t  and i s  not available. 
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Section 3.2.3.2 indicates that  the b i t  position for th i s  f i l e  i s  96,  and Section 3.2.3.5 indicates 

that  GP3 and the four following DMAP instructions should be executed t o  generate f i l e  SLT. This 

operation may mark modules for  execution tha t  resul t  in further reference to  the File Name Restart 

Table for  needed f i l e s .  

The r e s t a r t  table a1 so contains the information indicating which DMAP instructions should be 

deleted for  particular subsets of the rigid format. This information i s  a rb i t r a r i l y  placed in the 

Card Name Restart Table. The deletion of a DMAP instruction i s  indicated by following i t  with the 

symbols $SS with the affected subset numbers on the same l ine.  For example, near the end of the 

Card Name Table for S ta t ic  Analysis (Section 3.2.3.3), i t  i s  indicated that  the DMAP instructions 

CgND, REPT, JUMP and LABEL are deleted for subsets 1 and 3. 

3.1.4 Rigid Format Output 

Although most of the r igid format output i s  optional, some of the pr inter  output i s  automatic. 

The pr inter  output i s  designed for 132 characters per l i ne ,  with the l ines  per page controlled by 

the LINE card in the Case Control Deck. The default  i s  LINE = 50 for  11-inch paper. Optional 

t i t l e s  are printed a t  the top of each page from information in the Case Control Deck. These t i t l e s  

may be defined a t  the subcase level.  The pages are automatically dated and numbered. 

The output from data recovery and plot modules i s  a l l  optional, and i t s  selection i s  control- 

led by cards in the Case Control Deck. The detai ls  of making selections in the Case Control Deck 

are described in  Section 2.3 for printer and punch output, and in Section 4 for plot ter  output. 

Since the outputs from the data recovery and plot modules vary considerably with the rigid format, 

a l i s t  of available output i s  included in the section on the Case Control Deck for each rigid 

format. Detail information on the force and s tress  output available for each element type i s  

given in Section 1.3. 

The f i r s t  part of the output for a NASTRAN r u n  i s  prepared during the execution of the Pre- 

face, prior to  the beginning of the DMAP sequence of the rigid format. The following output i s  

e i ther  automatically or optionally provided during the execution of the Preface: 

1. NASTRAN t i  t l e  page - automatic 

2.  Executive Control Deck echo - automatic 

3. Case Control Deck echo - automatic 

4; Unsorted Bulk Data Deck echo - optional, selected in Case Control Deck. 
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5. Sorted Bulk Data Deck echo - automatic, unless suppressed in the Case Control Deck. 

6. [WVIAP l i s t ing  - automatic, l i s t  of MAP instructions, including a l t e r s ,  for subset of 
rigid format being executed. 

7. Checkpoint Dictionary - automatic, when operating in checkpoint mode. A printed echo 
and the punched cards are prepared for  additions to  the checkpoint dictionary a f t e r  the 
execution of each checkpoint. 

.When making r e s t a r t s ,  the following additional output i s  automatically prepared during the 

execution of the Preface : 

1. Asterisks are  placed beside the DMAP statement numbers of a l l  instructions marked for  
execution by the Card Name Table in the case of modified r e s t a r t s ,  and by the Rigid 
Format Change Table in the case of res ta r t s  on different  r igid formats. 

2. Message indicating the b i t  position activated by a r igid format change. 

3. Table indicating, among other things, the card names and the associated "packed b i t  
positions" activated by modifications in  the NASTRAN Data Deck. The reader i s  referred 
to  the Programmer's Manual for  the interpretation of the r e s t  of th i s  table. 

4. A l i s t  of f i l e s ,  along with the MAP instructions that  were marked for  execution by 
the File Name Table. 

5. List of f i l e s  from the Old Problem Tape, including purged f i l e s ,  used to i n i t i a t e  the 
r e s t a r t .  

A number of fatal  errors are detected by DMAP statements in the various r igid formats. The 

messages associated with these errors are documented in Section 6.1. These messages indicate the 

presence of fatal  user errors tha t ,  e i ther  cannot be determined by the functional modules, or  they 

can be more effectively detected by DMAP statements in the r igid format. 

NASTRAN di agnosti c messages are usually identified by number and documented in Section 6.2. 

These messages may be e i ther  program diagnostics or user diagnostics, and they may contain infor- 

mation, warnings, or  an indication of a fatal  error .  There are also a few unnumbered, self-explan- 

atory messages, fo r  example, the time that  the execution of each functional module begins and ends. 

The Grid Point Singularity Table (GPST) i s  automatically output following the execution of 

the Grid Point Singularity Processor (GPSP) i f  s ingular i t ies  remain in the s t i f fness  matrix a t  

the grid point level.  This table contains a l l  possible combinations of single-point constraints,  

in the global coordinate system, tha t  can be used to remove the s ingular i t ies .  Entries in th i s  

table should only be treated as warnings, because i t  cannot be determined a t  the grid point level 

whether or not the s ingular i t ies  are removed by other means, such as general elements or  multi- 

point constraints. Further information on this matter i s  given in the Theoretical Manual. 

Several items of output are discussed in other sections. Automatic output that is  not asso- 

ciated with a l l  of the rigid formats i s  discussed in the sections treating the individual r igid 
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formats. Some output i s  under the control of PARAM cards. These items are discussed in Section 

3.1.5. The DIAG card i s  used to  control the pr int ing of some output. A l i s t  of the available 

output under DIAG control i s  given in the description of the executive control cards in  Section 

Any of the  matrices or  tables  tha t  a re  prepared by the functional modules can be printed by 

using selected uti 1i ty  modules described in Section 5.3.2. These u t i l i t y  modules can be scheduled 

a t  any point i n  the r ig id  format by using the  ALTER feature .  In general, they should be scheduled 

immediately a f t e r  the  functional module t h a t  generates the table  or  matrix t o  be printed. How- 

ever,  the user i s  cautioned t o  check the  cal l ing sequence fo r  the u t i l i t y  module, in  order t o  be 

cer ta in  t h a t  a l l  required inputs have been generated pr ior  t o  t h i s  point. 

3.1.5 Use of Parameters 

Some of the data items and user options are  input on PARAM cards. Details on these cards 

are  given in Sections 2.4 and 5.2.1.5. The following i s  a l i s t  of parameter names ( f i e l d  2 of 

the PARAM card) t h a t  a re  available t o  the user: 

1. GRDPNT - optional in a l l  r ig id  formats. A posit ive in teger  value of t h i s  parameter will  
cause the Grid Point Weight Generator t o  be executed. The value of the in teger  indicates  
the gr id  point to  be used as a reference point.  I f  the  in teger  i s  zero o r  i s  not a 
defined s r i  d point. the reference po in t  i s  talten as the or igin  of the basic coordinate 
system. The following weight and balance information i s  automatically printed following 
the execution of the  Grid Point Weight Generator. 

(1 ) Reference point.  

(2)  Rigid body mass matrix [MO] r e l a t i v e  t o  the reference point in  the basic coordin- 
a te  system. 

( 3 )  Transformation matrix [S] from basic coordinate system t o  principal mass axes. 

(4) Principal masses and associated centers of gravity.  

(5 )  Iner t ia  matrix I (S) about the center of gravity re la t ive  t o  the principal mass 
axes. 

( 6 )  Iner t ia  matrix I(Q) about the center of gravity re la t ive  t o  the principal i n e r t i a  
axes. 

WTMASS - optional in a l l  r ig id  formats. The terms of the mass matrix are mu1 t i p l i e d  by 2. - 
the real value of t h i s  parameter when they are  generated in  SMA2. . 

3. - optional in a l l  s t a t i c s  problems ( r i g i d  formats 1, 2, 4 ,  5 and 6 ) .  A posi t ive  
in teger  value of t h i s  parameter wi 11 cause the printing of the residual vectors following 
each execution of SSG3. 

4 .  - required in a l l  modal fomulations of dynamics problems ( r i g i d  for- 
mats 10, 11 and 12) unless LMgDES i s  used. The real values of these parameters give the 
frequency range (LFREQ i s  lower l imi t  and HFREQ is upper l i m i t )  of the modes t o  be used 
in the modal formulation. 
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5. LMflDES - required in a l l  modal formulations of dynamics problems ( r i g i d  Formats 10, 11 
and 1 2 )  unless LFREQ and HFREQ are  used. The real  value of this pa ram~te r  is  the nitinber 
of lowest modes t o  be used S i i  the  modal formuiation, 

6 ,  G - optional i n  t he  d i r e c t  formula ti or^ of a l l  dynamics problems ( r i g i d  formats 7 ,  8 and 
B ) .  The rea l  value of t h i s  parameter i s  used as a uniform s t r u c t i ~ r a i  damping coeff ic-  
i e n t  in  the  d i r e c t  formulation of dynamics problems. 

7. W3 and W4 - optional in  the  d i r e c t  formulation of Transient  Response problems. The 
real  values of these parameters are used as pivotal frequencies f o r  uniform s t ruc tu ra l  
damping and element s t ruc tu ra l  damping respect ively .  

8. MgDACC - optional in  the  modal fornulation of Frequency Response and Transient Response 
Problems. A pos i t ive  in teger  value of t h i s  parameter causes the  Dynamic Data Recovery 
module t o  use the  mode accelera t ion method. 

9 .  CflUPMASS - optional i n  a19 r i g i d  formats. A pos i t ive  in teger  value of t h i s  parameter 
ZIlTYGise t h e  generation of coupled mass matrices r a the r  than lumped mass matrices f o r  
a l l  bar elements, rod elements, and p la t e  elements t h a t  include bending s t i f f n e s s ,  This 
option appl ies  t o  both s t ruc tu ra l  and nonstructural mass f o r  the  following elements: 
BAR,  CBNRflD, QUAD1, QUAD2, RflD,  TRIA1, TRIA2, TUBE, Since s t ruc tu ra l  mass i s  not defined 
f o r  the following l i s t  of elements, the  option appl ies  only t o  the  nonstructural mass : 
QDPLT, TRBSC , TRPLT. 
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3.2.1 DMAP Sequence f o r  S t a t i c  A n a l y s i s  

R IGID FORMAT 1 

N A S T R A N  S O U R C E  P R O G R A M  C O M P I L A T I O N  
DMAP-DMAP INSTRUCTION 

NO, 

1 BEGIN NO.1 STATICS ANALYSIS - SERIES L B 

2 F I L E  LLL=TAPE B 

3 F I L E  QG=APPEND/PGG=APPEND/UGV=APPEND/GM=SAVE/KNN=SAVE B 

5 SAVE LUSETB 

6 CHKPNT GPLvEQEXINtGPDTtCSTM,BGPDT,SIL $ 

7 GEOM2,EQEXIN/ECT B 

8 CHKPNT ECT B 

9 PLTSET PCDBtEQEXINtECT/PLTSETX,PLTPAR,GPSETS,ELSETS/VNNSIL/ VeN, 
JUMPPLOT B 

10  SAVE NSILvJUMPPLOT B 

11 PRTMSG PLTSETX//B 

12  CHKPNT PLTPARPGPSETS~ELSETS B 

1 3  SETVAL //VIN,PLTFLG/C~NII/V,N,PFILE/C,N,O $ 

1 4  SAVE PLTFLG t PFILE B 

1 5  COND PltJUMPPLOT B 

1 7  SAVE JUMPPLOTVPLTFLGIPFPLE B 

1 8  PRTMSG PLOTXl//$ 

1 9  LABEL P1B 

2 1  SAVE NOGRAVB 

23 PURGE MGG/SKPMGGB 

24 CHKPNT SLTeGPTVpMGG B 
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R I G I D  FORMAT DMAP LESTING 
SERIES L 

N A S T R A N  S O U R C E  P R O G R A M  ~ ~ M P I L A T I O N  
DMAP-DMAP INSTRUCTION 

EdO. 

26 SAVE NOS%MP,NOGENbvGENEL $ 

28 CQND ERROR4vNOELMT $ 

29 PURGE GPST/NBSXMP#QGPST/GENEL $ 

34 CQND LBhlrSKPMGGS 

36 SAVE NBMGGS 

34 CHKPNT MGG B 

3 8  CQNU LBLlrGRDPNTS 

39 CONB ERROR2vNOMGGB 

42 SAVE CARDNO $ 

43 LABEL LBLl B 

44 EQUPV KGGXvKGG/NOGENL B 

45 CHKPNT KGG $ 

46 CQMD LBLEIAtNOGEML $ 

48 CHKPNT KGG B 

49 LABEL bBLllA S 
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R I G I D  FORMAT BMAP LISTING 
SERIES L 

R I G I D  FORMAT I 

N A S T R A N  S O U R C E  P R O G R A M  C O M P I L A T I O N  
DMAP-DMAP INSTRUCTION 

0 

5 1  JUMP L B L l P  S 

52 LABEL L B L i 1  B 

54 SAVE M P C F P ~ M P C F ~ ~ S X N G L E ~ O M I T ~ R E A C T P N S K I P ~ R E P E A N O S E T N O N O A  3 

55 COND ERROR3rNQL B 

56 PARAM / / C P N V A N D / V ~ N ~ N O S R / V I N ~ ~ I N G L E / V V N P R E A C T  B 

57 PURGE KWRpKLR,QRvBM/REACT/ GM/MPCFL/ G O ~ K O 0 B t L O O ~ U 0 0 ~ P O ~ U O O V ~ R U O V /  
OMXT/PSvKFP~KSS/SPNGLE/QG/NOSR $ 

59 CHKPNT K R R ~ K L R ~ Q R ~ D M ~ G M ~ G O ~ K O O B ~ L O O Q U O O ~ P O ~ U O O V ~ Q G ~ P S ~ K F S ~ K S S ~ U S E T ~  
RG~YSVRUOVPKNN B 

60 COND LBL4pGENEL B 

62 OFP OGPSTpcpvr//VoNvCARDNO B 

6 3  SAVE CARDNO B 

64 LABEL LBL4 B 

65 COMD LBL2tMPCF2 B 

67 CHKPNT GM B 

68 U S E T ~ G M V K G G V ~ I / K N N , ~  B 

69 CWKPNT KNNB 

70 LABEL bBL2 B 

72 CHKPNT KFF S 

7% CMKPNP KFS s KSS't KFFS 
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RPGID FORMAT DMAP LISTING 
SERIES L 

RIGID FORMAT 1 

N A S T R A N  S O U R C E  P R O G R A M  C O M P I L A T I O N  
DMAP-DMAP INSTRUCTION 
NO * 

76 LABEL LBL3 $ 

77 EQUXV KFF,KAA/OMXT B 

78 CHKPNT KAA $ 

79 COND LBLSvOMIT B 

80- USET~KFFt~~/GO,KAAtK00BvL00~UOO~rrrr S 

81 CHKPNT GOtKAA~KOOB,LOOtU008 

82 LABEL LBL5 B 

83 EQUIV KAAeKLL/REACT B 

84 CHKPNT KLLB 

85 COND LBL6tREACT B 

86 @ USETIKAA~/KLLIKLR~KRRI,, I 

87 CHKPNT KLLtKLRtKRRS 

88 LABEL LBL6 $ 

89 @ KLL/LLL, ULL I 

90 CHKPNT ULLpLLLS 

91 COND LBL7,REACT B 

9 2  @ LLLeULLt KLRpKRRIDM 3 

93 CHKPNT DM$ 

94 LABEL 

96 CHKPNT 

97 EQUIV 

96 CHKPNT 

99 COND 

100 

101 CHKPNT 
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RIGID FORMAT BMAP LISTING 
SERIES !, 

RIGID FORMAT 1 

N A S T R A N  S O U R C E  P R O G R A M  C O M P I L A T I O N  
DMAP-DMAP INSTRUCTION 

NO * 

1 0 2  LABEL LBLlO S 

1 0 4  CHKPNT ULVIUOOV~RULV~RUOVS 

105  COND LBL9,IRESS 

1 0 6  MATGPR GPLtUSETtSIL,RULV//C(N,L B 

107  MATGPR GPLvUSETvSILvRUOV//C,N,O $ 

1 0 8  LABEL LBL98 

1 1 0  CHKPNT UGVvPGGB 

111 CON0 LBLBvREPEAT S 

1 1 2  REPT LBL111100S 

113 JUMP ERRORlS 

1 1 4  LABEL LBL8 B 

1 1 5  CHKPNT QG 3 

1 1 7  OFP O U G V ~ ~ O P G ~ V O Q G ~ ~ O E F ~ ~ O E S ~ ~ / / V ~ N V C A R D N O  B 

118 SAVE CARDNO 0 

119 COND P2,JUMPPLOT B 

1 2 0  (6& PLTPAR, GPSETS , ELSETS v CASECC r BGPDT, EQEXIN, S I L ,  PUGVl , / PLOTXZ/V, 
NPNSIL /VPNVLUSET/V~N~JUMPPLOT/V~N~PLTFLG/VNPFILE B 

1 2 1  PRTMSG PLOTX2// S 

1 2 2  LABEL P2 B 

1 2 3  JUMP F I N I S $  

1 2 4  LABEL ERRORlB 

125 PRTPARM d/CvNe-I/CeNeSTATICSB 

1 2 6  LABEL ERROR28 
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GP1 generates coordinate system transformation matrices, tables  of grid point locations,  
and tables  f o r  re la t ing internal and external gr id  point numbers. 

GP2 generates Element Connection Table with internal indices . 
PLTSET transforms user input i n t o  a form used t o  drive s t ructure  p l o t t e r .  

PRTMSG prints error  messages associated with s t ructure  p lo t t e r .  

Go t o  DMAP No. 19 i f  no undeformed s t ructure  plot  request. 

PLBT generates a l l  requested undeformed s t ructure  plots .  

PRTMSG prints  p lo t t e r  data and engineering data fo r  each undeformed p lo t  generated. 

GP3 generates S t a t i c  Loads Table and Grid Point Temperature Table. 

STATIC ANALYSIS 

TA1 generates element tables f o r  use in  matrix assembly and s t r e s s  recovery. 

Go t o  OMAP No. 130 and p r in t  e r r o r  message i f  no elements have been defined. 

Go t o  DMAP No. 43 i f  there are  no s t ructural  elements. 

SMAl generates s t i f fness  matrix [KX 1 and Grid Point Singularity Table. 
99 

Go t o  OMAP No. 43 i f  no gravity loads and no weight and balance request. 

SMA2 generates mass matrix [M 1. 99 
Go t o  DMAP No. 43 i f  no weight and balance request. 

Go t o  DMAP No. 126 and pr int  e r ro r  message i f  no mass matrix e x i s t s .  

GPWG generates weight and balance information. 

BFP formats weight and balance information and places i t  on the system output f i l e  for  
pri n t i  ng . 
Equivalence [ K X  1 t o  [K 1 i f  no general elements. 

99 9 9 
Go t o  DMAP No. 49 i f  no general elements. 

SMA3 adds general elements t o  [ K X  ] t o  obtain s t i f fness  matrix [K 1. 
99 99 

Go t o  next MAP instruction i f  cold s t a r t  or  modified r e s t a r t .  LBLll wi 11 be a1 tered by 
the Executive System t o  the proper location inside the loop fo r  unmodified r e s t a r t s  within 
the loop. 

Beginning of Loop for  additional constra int  s e t s .  

GP4 generates flags defining members of various displacement s e t s  (USET) , forms mu1 t i  point 
constra int  equations [R ]{u'} = 0 and forms enforced displacement vector {Ys). 

9 g 
Go t o  DMAP No. 128 and p r in t  e r r o r  message i f  no independent degrees of freedom are  defined. 

Equivalence [ K  1 t o  [ K n n ]  i f  no mu1 t i  point constra ints .  
99 

Go t o  DMAP No. 64 i f  general elements present. 
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61. GPSP determines i f  possible grid point singulari  t i e s  remain. 

62. BFP formats the table  of possible gr id  point singulciri t ies and places i t  on the system output 
f i l e  f o r  pr int ing.  

55. Go t o  DVAP No. 70 i f  MCEl and MCE2 have already been executed f o r  current s e t  of multipoint 
constrai nts . 

66. MCEl pa r t i t ions  mu1 ti point constra int  equations [R ] = [I?,,, 1 Rn] and solves for  mu1 t i  point 
- 9 

constra int  trans formati on matrix [Gm] = - [ R ~ ] -  ' [ R ~ ]  . 
68. MCE2 par t i t ions  s t i f f n e s s  matrix 

'nn J_ 'rtrn 
I = [- -1 

Knn 1 'mm 

and perfoms matrix reduction 
T [Knn]  = [fnn] + [G:I[$,~I + [ < n ~ [ ~ m ~  + [GmIIKmmIIGmI 

71. Equivalence [Knn]  to  [ K f f ]  i f  no single-point constra ints .  

73. Go t o  DMAP No. 76 i f  no single-point constra ints .  

74. SCEl par t i t ions  out single-point constraints 

77. Equivalence [ K f f ]  to  [Kaa]  i f  no omitted coordinates. 

79. Go t o  MAP No. 82 i f  no omitted coordinates. 

80. SMPl parti  t i  ons constrained s t i f f n e s s  matrix 

1 solves for  transformation matrix [Go] = -[KO,]- [KO,] 

and performs matrix reduction [Kaa]  = [<a] + [ K ~ ~ I [ G ~ I  . 

83. Equivalence [Kaa]  t o  [Kg$] i f  no free-body supports. 

85. Go t o  MAP No. 88 i f  no free-body supports. 

86. RBMGl par t i t ions  out-free body supports 
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89.  RBMG2 decomposes constrained s t i f f n e s s  matrix [ K R R ]  = [LRR][URR] 

9 i .  Go t o  E4AF No, 94 i f  no free-body supports.  

92. R B M G 3  forms r i g i d  body transformation matrix 

[ D l  = - K ~ I - ~ K ~ ~ I  , 

calcula tes  r i g i d  body check matrix 
T 

[ X I  = CKrrI + CK,I[DI , 

and calcula tes  r ig id  body e r ro r  r a t i o  

95. SSGl generates s t a t i c  load vectors {P 9 1 . 
97. Equivalence IP 1 t o  IPRl i f  no const ra in ts  applied. 

9 

100. SSG2 appl ies  const ra in ts  to s t a t i c  load vectors 

and ca lcula tes  determinate forces of react ion {qr} = -(Pr} - [ D ' ] { P ~ ~ .  
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103, SSGJ solves f o r  displacements of independent coordinates 

solves f o r  displacements of omitted coordinates 

ca lcula tes  residual vector (RULV) and residual vector e r r o r  r a t i o  f o r  independent coordinates 

and ca lcula tes  residual vector (RUPV) and residual vector e r r o r  r a t i o  f o r  omitted coordinates 

105. Go t o  DMAP No. 108 i f  residual vectors a re  not t o  be printed.  

106, MATGPR pr in t s  the  r e s i  dual vector f o r  independent coordinates (RULV) 

107. MATGPR pr in t s  the  residual vector f o r  omitted coordinates (RUBV) . 
109. SDRl recovers dependent displacements 

and recovers s i  ngle-poi n t  forces of const ra in t  
T 

{q, 1 = - { P s l  + 6 K f s 1  {uf l  + 6Kssl (Ys 1. 

1 1  . Go t o  MAP No. 11 4 i f  a1 1 const ra in t  s e t s  have been processed. 

112. Go t o  DMAP No. 52 i f  addit ional  s e t s  of const ra in ts  need to  be processed. 

"I1 3, Go to  DMAP No. 124 and p r i n t  e r r o r  message i f  number of loops exceeds 100, 

1'16. SDR2 calcula tes  element forces and s t r e s ses  (BESI, @ E F l )  and prepares load vectors,  d i s  lace- 
ment vectors and s i  ngl e-poi n t  forces of const ra in t  f o r  output (OPG1 , DUGVI , PUGV1, OUGI!. 
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117. 0FP formats tables  prepared by SDR2 and places them on the system output f i l e  f o r  pr int ing 

119. Go to  DMHP No. i 2 2  if no deformed s t ruc tu re  plots a r e  reqdssted 

120. PL0T generates a l l  requested deformed s t ructure  plots . 
121. PRTMSG prints  p lo t t e r  data and engineering data fo r  each deformed plot  generated. 

123. Go Lo DMAP No. 132 and make normal e x i t .  

125. STATIC ANALYSIS ERRBR MESSAGE NB. 1 - ATTEMPT T 0  EXECUTE M0RE THAN 100 L@@PS. 

127. STATIC ANALYSIS ERRBR MESSAGE N0.  2 - MASS MATRIX REQUIRED F@R WEIGHT AND BALANCE CALCULA- 
TIONS. 

129. STATIC ANALYSIS ERRBR MESSAGE No.  3 - N@ INDEPENDENT DEGREES @F FREEDBM HAVE BEEN DEFINED. 

131. STATIC ANALYSIS ERRBR MESSAGE N@. 4 - N@ ELEMENTS HAVE BEEN DEFINED. 



R I G I D  FORMATS 

3.2.3 R e s t a r t  T a b l e s  f o r  S t a t i c  A n a l y s i s  

3.2.3.1 B i t  P o s i t i o n s  f o r  C a r d  Name R e s t a r t  T a b l e .  

C a r d  Name 

A X I C  
CELASl  
CELAS2 
CELAS3 
CELAS4 
CMASSl 
CMASS2 
CMAqS3 
CMASS4 
CBRDl C 
C0RDl R 
CgRDlS 
CgRD2C 
C0RD2R 
CgRD2S 
GRDSET 
G R I D  
P0INTAX 
RINGAX 
SECTAX 
SEQGP 
SPflINT 
BAR0 R 
BEPMPR 
CBAR 
CBEAM 
CCflNEAX 
C0NRglD 
CQDMEM 
CQDPLT 
CQUAD 1 
CQUAD2 
CRgD 
CSHEAR 
CTBRDRG 
CTRAPRG 
CTRBSC 
C T R I A l  
CTR I A2 
CTR I ARG 
CTRMEM 
CTRPLT 

B i t  Pos .  

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

C a r d  Name 

CTUBE 
CTWIST 
PB AR 
PBEAM 
PCgNEAX 
PQDMEM 
PQDPLT 
PQUADl 
PQUAD2 
PRgD 
PSHEAR 
PTBRDRG 
PTRBSC 
P T R I A l  
PTRIA2  
PTRMEM 
PTRPLT 
PTUBE 
PTWI ST 
GENEL 
CgNM1 
CPNM2 
PELAS 
PMASS 
MAT1 
MAT2 
MAT3 
MATT1 
MATT2 
MATT 3 
TABLEMl 
TABLEM2 
TABLEM3 
TABLEM4 
TEMPMT$ 
TEMPMX$ 
MPC 
MPCADD 
MPCAX 
MPC$ 
SPC 
SPCl  

B i t  P o s  . 
2 
2 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
4 
5 
5 
6 
7 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
9 
9 
9 
9 

10 
1 0  

C a r d  Name 

SPCADD 
SPCAX 
SPC$ 
g M I T  
B M I T l  
@MI TAX 
SUPAX 
SUPgRT 
TEMP 
TEMPAX 
TEMPD 
WTMASS 
GRDPNT 
PL0TEL 
I R E S  
P L W $  
PBUT$ 
LlaBP$ 
L00P1$  
CgUPMASS 
DEFPRM 
DEF0RM$ 
LBAD$ 
RF@RCE$ 
FPRCE 
FBRCEl 
FPRCE2 
FbRCEAX 
Lg AD 
MPlMAX 
MBMENT 
MI2)MENTl 
M0MENT2 
PLgAD 
PLPADl 
PLPAD2 
PRESAX 
RFBRCE 
SLgAD 
GRAY 
TEMPLD$ 

B i t  P o s  . 
10 
1 0  
10 
11 
11 
11 
1 2  
1 2  
1 3  
1 3  
1 3  
1 4  
1 5  
1 6  
1 7  
18 
1 9  
2 2  
2 3  
2 4  
5 9  
5 9  
5 9  
5 9  
6 0  
6 0  
6 0  
6 0  
6 0  
6 0  
6 0  
6 0  
6 0  
6 0  
6 0  
6 0  
6 0  
6 0  
6 0  

L 6 1  
6 2  
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3.2.3.2 B i t  Posi t ions f o r  F i l e  Name Restart Table 

F i l e  Name 

BGPDT 
CSTM 
EQEX I N 
GPDT 
GPL 
SIL 
ECT 
GPTT 
SLT 
ECPT 
EST 
GEI 
GPCT 
GPST 
KGGX 
MGG 
KGG 
RG 
US ET 
YS 
BGPST 
GM 
KNN 
KFF 
KFS 
KS S 
GP 
KAA 
KbBB 
LE'D 
UBB 

B i t  Pos . 
94 
94 
94 
94 
94 
94 
95 
96 
96 
9 7 
9 7 
9 7 
97c 
9 8 
98 
99 

100 
101 
101 
101 
102 
103 
104 
105 
105 
105 
106 
106 
106 
106 
106 

F i l e  Name 

KLL 
KLR 
KRR 
LLL 
UL L 
DM 
PG 
PL 
p f l  
PS 
QR 
RULV 
RUBV 
ULV 
UBBV 
PGG 
QG 
UGV 
PEFI 
BESl 
BPGl 
PQG 1 
PUGVl 
PUGVl 

B i t  Pos . 
107 
107 
107 
108 
108 
109 
110 
111 
11 1 
111 
111 
112 
112 
11 2 
112 
11 3 
113 
11 3 
11 4 
114 
114 
114 
114 
114 



RIGID FORMATS 

- 
3.2.3.3 Card Name Restart Table 
- -- - - - - - -- -- - - - - - - - -- -- - - - -  - -- 

-- - --  -- - 

DMAP B i t  P o s i t i o n - -  
I n s t .  1 l n  7n 3 --_&--- -_tjB- ._ .. _ - - rja_ _- 

R E G I N  1234567890123456789 234 -__- -__ - - 
F I L E  1234567890123456789 234 
F I L E  12345678813123456789 234 - ___. -- - - - 9 ~ 1 ~  - - _ _ - -  
S SS 1 3  
GP1 P -- - - - - - -- - -- 
SAVE 1 
CHKPMT 1 -- - --- -- - - - - - - -- - - - -- - - - 
G P2 12 45 6 
CHKPNT 12 45 6 --- - -- - - --- - - -- -- -- -- - 
PLTSET 8 
SAVE 8 -- -- --- 
PRTNSG 8 
CHKPNT 8 -- - -- - - -- - - . 
SETVAL 8 
SAVE --- 8 - - - - - - - - - - - - --- - 
C ON0 8 
PLOT 8 

P --+ -- . . 

SAVE 8 
PRTMSG 8 . - -- - - - - -- - - - - -- 
LABEL 8 
G P3 1 2  - 3 - - - -- - - . - - - C 1  - _  _ _  -. 
SAVE 12 3 C 1 

PURGE 12 3 5 C i 
CHKPNT 12 3 5 -- -- - .-- . .__ . . 

T A l  I 1234567 
SAVE 1234567 ~- - . -... . -- . . . .. - 
PARAM 1234567 

PURGE 1234567 
CHKPNT 1234567 ---- - - - - - - - - . - . - -- - - - - 
C ON0 123 5678 45 1 
SMA1 123 6 8 - - - --- - -- - - - . - - - 
CHKPNT 123 6 8 
C OND 123 5 78 4 5 4 -. _ - -  --.A - -- 
S P A 2  123 5 78 4 5 4 1 
SAVE -- 1 2 1 5 8  -- 4 5 4 - - -- - - ---- -- 1 - - - - -- 
CHKPAT 123 5 78 4 5 4 1 
C CND -- 123 5 78 45 _ -- -- - - - -- - - - -- 

CORD 123 5 78 45 
G PtdG 1 2 3 2  78 45 - -- -- - -- -- - - - - - - - - - - - - - - - 
OFP 123 5 7 8  45 
SAVE 123 5 78 - -- .- 4% 4-- _ -- - - 1 
LABEL 123 5 78 45 1 
E Q U I  V 123 6 8 - - - - - -- - - - - -- - 
CHKPNT 123 6 8 
C CND 1234 6 8 --- - - -- -- .- - . - -- . - - - a - - - - - 
S M A 3  1234 6 8 
-- CHKPNL-  _ -  1234 -- 6 8 - _  _ - 

LABEL 1234 6 8 

s SS P 3 --- - -- - . - -- - - - .  - .- 

L A B E L  2 3 
L G P 4 -  - - 

SAVE 1 
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PARAN - 1 9012 - _  2 3 - - - - - - - - 
P(JP(GE b 9012 2 3 
EGUI V 1234 6 88 23 - -  - - -  

CHUPNT 1 9 2 3 
_ C_cNO_ - _ 123_-6 8 4 -  - _ _ . _ 2 _ ? _ - _  _-_-- _ _ _  - - - - -- - . - - - - - - - - -- - -- 
GPSP 123 6 8 0 23 
OFP - 123 6 8 0 23 - ---- 

SAVE 123 6 8 0 23 
LABEL 123 6 8 @ _ 2 3 -- -- 

CCND 1234 6 89 23 
--. ---"- - t - - - -  9 - -- - -- 23 - - - - . . - - - - - - - - -- - - . 

CHKPPll 9 2 3 
MCEZ 1234-6 89 23- -- . -- - - --- 

CHKPrVT 1234 6 89 2 3 
LABEL 1234 6 89 23 - - ---  - 

EQUI V 1234 6 890 23 
CHKPPIT- - 123-4-6 899 . _.- - - -  _--  2 2  _ - _  . -_ -- _ -- _- . - - . - - - -- -- 
C CND 1234 6 890 2 3 
SCE 1 1234 6 890 - - _ 23 - - - - 

CHKPNT 1234 6 890 23 
LARE L 1234 6 890 23 - - -- - - - -- 

E C U I  V 1234 6 8901 23 
CHKPtJJ _ 12-34 6 8901 ._  ---_ _ .-Z2 _ -- _ - _ .-- - 
C ON0 1234 6 8901 2 3 
SMP1 1234 6- 8961 . 2 3 - - - . - - - 
CHKPNT 1234 6 8901 23 
LABEL 1234 6 8901- 23 _ - - - - - -- 

EQUI V 1234 6 89012 23 
CHKPAT 1234 -6 89032- . _ -  23 _ _ - . _ _ __ _ __ _ __ _ _ _ -_ __ _ 
C 6&O 1234 6 E9C12 2 3 
RBMGl 1234 6 8-9012 23 -- 
CtIKPNT 1234 6 89012 2 3 
LABE L 1234 6 89412 23 ---- - 
R BPG 2 1234 6 89012 23 
C HKP M L  _-122!2 -4- _ B % U  -25- ._._ - - _ . --. -- _ __ - - - -- I- --- - ----- --- 
C CNO 1234 6 89012 23 
RBCG3 -1234-6 9 9 0  12 -- -23-_ - -_ - - -. - - - - -- -- - - - - 
CHKPAV I 2 3 4  6 89012 2 3 
LABEL - 1234-.6 89012 - - - -. -23 - - - - - - - - - - - - -- - 

SSG1 123 5678 2 3 9012 
CH!_PNT . lhZ3 -5628 23 - - - - - _ Y C 1 Z  _ _  --I- 
EGUI V 123 56789012 2 3 9612 
CHKPNT 123 56789012 2 3 9012 -- - 

C CNO 123 56789012 2 3 9C12 
S S G Z  123 56789012 _ 23 9G12 - - _  
CHKPNT 123 56789012 2 3 9C12 
LWEL - _ L23 Tb l89Cl2  - - _ 23 .. - - - - - - - 4C12- __---.I- 
S 563 123456789012 2 3 91112 
CtiKPNT 1234567 89012 2 3  9012 -- 

C LND 123456789012 7 2 3 9C12 
MATGPR P23456789Q12 7 2 3 $012- - 

Pl ATG P R 123456789812 7 2 3 9C 12 
LABEL 123456789012 - 7 23 9Gl.2. - 
SUK t 123456789012 23  9012 
CHKPNT 123456789012 23 9C12 
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- -- -- - - - 
DMAP 
Inst. 1 -- -- - .-a - lo 

Bi t  Pos i t ion  
20 .-- 3 0 40 

RE PI-- - - - - 2 3 
lt ss i 3 

_JUM_p-_- - - 2 3 
S SS 1 3  
LABEL - - -- .-__- - _ --- . _ - _ _ . _ _ - 3 - - _ - - - - 
$SS 1 3  
CHKPMP lZ3456789Ql2 . - - 8 9 i l 2  
SDRZ 8 9 
OFP - . . - - - 9 . . - - - - -. - 
SAVE 9 
c CND n ---- -- -- - -- - - -  --- - - - - . - - - 
PLOT 8 
PRTMSG R - - - -- - . . -- -. - - - - -- - --- -- - -.. 

LABEL 8 
_ J-W!!! - _ 1 2 ~ 4 5 ~ 7 8 9 0 1 2 3 4 5 ~ 8 9  234 _ 9C 12 

LABEL 1234561 890 123456789 234 9C12 
S SS - 1 - 3 -  _ -_- - . . -  - 
PRTPARP 1234567890123456789- 234- ' 9C12 
SSS _ - --  - 1  3 
LABEL 1234567890123456789 234 9C12 
PUTPARM-__ l234567_89U_l23456789 234 9612 
LABEL 1234567890123456789 234 9C12 

_PL?IPWW- _.1~14ra1~m1a+m~~- -2%- - -_ - - __  _ - - - - 90 1.2- . . .. -- 
LABEL 1234567890123456789 234 9C12 
PHTPARM 1234567890123456789 234 . -- - - -. - - - - - . - - - -- .- - - 9C12 - 
LABEL 1234567890123456789 234 9C12 

A N D 1 2 3 4  5-6_I_B99-4 56744-2I4- - - - SC12 
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3.2.3.4 Rig id  Fomlat iiianye Restart Table 

DMAP 
Enst, 

B i t  Pos i t ion  
6 4 7  SU -- 

DMAP B i t  P o s i t i o n  
Inst* 64 -- - - -. - - - - -TI) - - 3- - -- 

V G I  N 4 5 6 7 8 9 6 1 2 3 4  ECUIY -. - - -- - 

F l L E  4 5 6 7 8 9 C 1 2 3 4  CHKESAT 
F I L E  4 5 6 7 8 9 0 1 2 3 4  C CMD 
GP1 G PSP 
SAVE OF-P - -- .- --- -_ - - -- -- - 
CHKP141 T S A V E  
G PZ n . a e ~ ~  - - - -  - -  

CHKPNT C CMU 
PLTSET 
SAVE 
PKTMSG - .  !&;&2 
ChKPMT CI-1KP&T 
SETVAL & % E L  __ -- 

SAVE E Q U I V  
C CND CHKPNT - - - -- - - - - 
PLOT C CPID 
SAVE %CE B . - - - - -- - - - - -. - - - - - - 
PHTMSG CHKPRT 
LABE L 
G P3 
SAVE 
PARAP 
PURGE 
CHKPKT 
T A l r  
SAVE 
PARAC 
C CMD 
PLUG E 
GPKPkT 
C CND 
S P A 1  
CHKPNl 
C GND 

e a e E b  
EQUltY 
C H K P N K  --- - 

C CND 
_SPP_l-- -- ---- ----___--___-.-- 

GHKPPIT 
LAtJEC-__ - -- - _ - - - - - 

ECUI  V 
4 5 6 7 8 9 C 1 2 3 4  _ C H K P & V  - - - - - - - - - - - 
4 5 6 7 8 9 C 1 2 3 4  C (;ND 

~B@Gb, -- - -- -- - - - 

CCiKPNV 
LABEL - - - - - - - -- 

RBMGL 

SPA2. . . ... .. . . . RLfMGX . _. .. .. ._ 

SAVE CHKPNT 
CHKPNT - .  . 

C CND 
C CPID 
GPkG 
u FP 
SAVE 
LABEL 
EUUI  V 
C tiK P N 'I 
C GNU 

LABEL 
PARAP 
JLMP 
LABEL 
G Q4 
SAVE 
C END 456789C1234 
P A R A C  
PbRGE 

LABEL -- 

SSGk 

LABEL 
S 563 

FATGPW 456789CBL34 
M A T G P K  45678901234 
L A f J E l  4 5 6 7 H 9 C k 2 3 4  
S I I R b  4 5 6 7 8 9 C k 2 3 4  
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--m - - .- - - 

- Inst. -- 64 --- ----- 80 - 

456789Cb234 C FiKPHf - -  - -- . - - -- 
SDR2 
OFP - - - - -- - - -- 
5 AVE 
C ON0 -----.- - -- - 
PLOT 
PRTflSG - - - - 

LABEL 
JUMP -- -- 45678901234 --- 
LABEL 45678901234 
PRTPARM 45678901234 --- 
LABEL 45678901234 
PRTPARW 45678951234 
LABEL 45678901234 
PRTPARN 4567893311234 
LABEL 45678901234 
PRTPARM 4 5 6 7 m 1 2 3 4  -- - 
LABEL 45678901234 
E FID - 45678901234 -- --- 
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3 .2 .3 .5  F i l e  Name Restart Table 

- 

DMAP B i t  P o s i t i o n  DMAP Bi t  Posi t ion  
9 4 100 110 120 I n s t .  - - - - _  -- -- - 110 - -- - - -- l?_-Ins_L -- -_- .-93 - l A - - -  _ -- _ _- 

BEG1 lv - ESU I V _ - - - 4  
F I L E  CHKPNT 
F I L E  - C CIUD - - 2 -  - -- 

G P 1  4 GPSP 2 
S A\I_E - 4 - _ - - - - - - . .- - - - - - - a!?'- -- _- >"__ 2  -- -- - 
CHKPNT 4 SAVE 2 
G P 2  5 -  - L A B E L  2 ..- - - - -.. 

CHKPhT 5 C CNO 3 4 
P L T S E T  - M C U  - - _ _  3 -- - -- - - - - -- - 
S A V E  CIIKPNT 3 
p n r M  S_G _ _  - -_ - _- - _ .-MCEZ- - .- 4- _ . -us 

CHKPNT CHKPNT 4 
SET V A L  - - - - -  - -- LABE! -  .-_ - 34. -- -- - -- _ - 
SAVE E Q U I  V 5 

- CQND CHMPNT - 5 - . .- 

PLOT c OND 5 
SAVE - - - -  -- -- - . 5 SCE 1 - .- - - - - . 

PRBMSG CHKPNT 5 
L A B E L  L A B E L  _ _  - 5 - _ _ -  - -  - - 

G P 3  6 EWUI V 6 
SAVE 6 CHKPhT - 6 - - - - _ _ - - -- 

PARAP 6 C CND 6 
PQRGJ ._--_ -- 6- -9 _ - - -- _-- A_-_- . . 6 s p p 1  -- -- _ -_ -_- - - _ -  --- --- 
CHKPNT 6 CI-IKPNT 6 
ra, - - - 7-_ . _  - - LABEL 6 _ - 

SAVE 7 E U U I  \I 7 
PARAC . - 7 - - - - - -- - . - CHKPlvT 7-- 
C GND 7 CCND 7 
PU-RGk-_. ----I& __a__ -_ - _ _ _ - - _  RBMG1___ - _ -  -__- 7 _ - _  
CHKPNT 7 CHKPIUT 7 
C CND 89 - - L A B E L  - 7 _ _ _ - - - - - - 

S P A 1  8 KHMG2 8 
CHKPPIV R CHKPNT - - - - 8  _ - - 

CGNO 9 C CND 9 
-  SPA^ - 9 -- - - _ RH_MGZ_ _FL --_--_-I--_ -- 

SAVE 9 CHKPNT 9 
CHKPNT 9 L A 0  EL_ 9 _____ -- 
C CiND S X G l  0 
C CND -- - - - .CHKyB!l - ---- 0 -- --- 

Ci PlrsG E G U I V  1 
OFP - - - CHKPNT -_ _ _- - _ - 1--- _ 
SAVE C CNU 1 
L A B E L  89 S SG2 - 1 -- - - - - - 

E C U I  V 0 CHKPEiT 1 
CHKPhT (3 L A B E L  - . _ - - - _ 1 ---- -. 

CCEiO 0 SSG3 2 
SPA3 C C kI!5-p K T __ - - -_ -- -_ 2 - -- 
CHKPNT 0 C GND 
L A B E L  0 MATGPR - - - ---- - 

PARAP' MATGPR 
JLMP 1 L A B E L  - -- - .- 

L A B E L  0 S D R l  3 
G P4 1 _ C H K P h T  - - - - - - - - -- - - -- 3 - - -- _- -- 
SAVE 1 C CNO 
C CfUO 1 REQT 
PARAP I. JUMP 
P U R G E  L 3 5 6 7  9 L LABEL 
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- - p,-t-Posi ti on - - - -  -- 
DMAP 
Ins t .  -- 94 7 00 7 i o  170 

CHKPNT 3 
SOW2 4 
OFP - - - - - -- - - - 

SAVE 
C CMD --- 
PLOT 
PRTHSG 
LABEL 
JUMP -- - - -. - - 

LABEL 
PRTPARPI 
LABE h 
PRTPARH 
LABEL 
PRTPARM -- 
LABEL 
PRTPARM -- 
LABEL 



STATIC ANALYSIS 

The following items re la te  t o  subcase definition and data selection for  S t a t i c  Analysis: 

1. A separate subcase must be defined f o r  each unique combination of constraints and s t a t i c  

1 oads . 
2 .  A s t a t i c  loading condition must be defined for  (not necessarily within) each subcase 

with a LPIAD, TEMPERATURE(LPIAD), or  DEFBRM selection unless a1 1 loading i s  specified with 

grid point displacements on SPC cards. 

3 .  An SPC s e t  must be selected for  (not necessarily within) each subcase, unless the model 

i s  a properly supported free body, or a l l  constraints are specified on GRID cards, Scalar 

Connection cards, or with General Elements. 

4. Loading conditions associated with the same se t s  of constraints should be in contiguous 

subcases in order t o  avoid unnecessary looping. 

5. REPCASE may be used t o  repeat subcases in order to  allow multiple sets  of the same out- 

put item. 

The following output may be requested fo r  S ta t ic  Analysis solutions: 

1. Displacements and nonzero components of s t a t i c  loads and single-point forces of con- 

s t r a i n t  a t  selected grid points or sca la r  points. 

2. Forces and s tresses  in selected elements. 

3. Undefomed and deformed plots of the structural model. 

The following parameters are used in S ta t ic  Analysis: 

1. GRDPNT - optional - a positive integer value of this  parameter will cause the Grid Point 

Weight Generator to  be executed and the resulting weight and balance information t o  be 

printed. 

2. WTMASS - optional - the terms of the mass matrix are multiplied by the real value of th i s  

parameter when they are generated in SMAP. 

3. IRES - optional - a posi Live integer value of this  parameter wi 11 cause the printing of 

the residual vectors following the execution o f  SSG3. 
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4. CPUPMASS - optional - a positive integer value of th i s  parameter wi l l  cause the genera- 

tion of coupled mass matrices rather than lumped mass matrices for  a l l  bar elements, rod 

elements, and plate  elements that  include bending s t i f fness  (see Section 3.1 for  l i s t  of 

elements). 



3 .3  STATIC ANALYSIS WITH INERTPA RELIEF  

3 .3 .1  s i s  w i t h  Inertia Relief 

RIGID FORMAT 2 

N A S I R A N  S O U R C E :  P R O G R A M  C 8 M P I L A f I O M  
DMaP-BMAP INSTRUCTXON 

NO, 

2 FILE LLb=T&P& % 

3 FILE QG=APPEND/PGO=APPEND/UGV=APPEND/GM~SAVE/KNSV/MNNSAV B 

5 SAVE L195EPB 

6 CHKPNT GPLIEQEXIN~CPDTVGSTM~BGPDTBSIL B 

7 GEOM2sEB&XIN/ECT O 

8 CWKPNT ECT $ 

9 PLTSET PCD~~~EQ$X$N~ECT/PLTSETX~PI,VPARPBPSETSPE&%E$S/VENPNSIL/ V r N t  
JUMPPLOT $ 

10 SAVE NSZLpJUMPPLOT S 

1% PRTMSG PLTSETX//S 

1% CHKBMT PLTPARpGPSETSsELSETS $ 

13 SEfVAb / / V ~ N ~ P L T F L G / & ~ N ~ ~ / V P N V P F X L E / C B M ~ O  S 

14 SAVE PbTFLGsPFZLE O 

15 CQND PlrJUMPPLOT O 

17 SAVE JUMPPLOTIPLTFLG~PFX~$ B 

18 PRIMSG PLOTXI//$ 

19 LABEL &I1 O 

20 G E O M ~ , E Q E X I N ~ G E O M ~ P ~ L T ~ G P T T / C I N P ~ ~ ~ ~ V B N P R A V / C N  S 

21 CHKPNT SLTpGQTT B 

23 SAVE NOSIMPeNOGENLtGENEL B 



R I G I D  FORMAT DM4P L I S T I N G  
SERIES k 

R I G I D  FORMAT 2 

M A S T R A N  S O U R C E  P R O G R A M  C O M P X L A T I O N  
DMAP-DMAP INSTRUCTION 

NO a 

2% PURGE QGPST/GENEL B 

24 CHMPNT EPTeECPTeGPCTpGEIpOGPST B 

2 7 CSTMeMPTpECPTtGPCTe BIT/KGGX~~GPSTPV,NINOGENL/V~N,NOKYGGB 

30 SAVE NOMGGB 

3 1  CONB ERRBRlrNOMGGS 

3 2  CHKPNP MGG $ 

36 SAVE CARDNO B 

37 LABEL LGPWGS 

39 CHKPNT KGG E 

40 COND L B L I ~ A P N B G E N L  B 

4 3  LABEL L B h l l A  B 

48 SAVE M P C & ~ ~ M P C F % ~ S % N G L E ~ O M I T ~ R E A C T P M ~ K I P ~ R E P E A T ~ N O S E T N Q L N O A  B 



S T A T I C  ANALYSIS  WITH I N E R T I A  R E L I E F  

RIGPD FORMAT' DMAP LISTING 
SERIES L 

RIGID FORMAT 2 

N A S T R A N  S O U R C E  P R O G R A M  C O M P I L A T I O N  
DMAP-DMAP INSTRUCTION 

NO, 

50 COND ERROR4vREACT B 

5 1  PURGE G M / M P C F l / G O v K O O B t L 0 0 v U O O ~ M O O B ~ M O A B ~ P O ~ U O V R U O V / O M P T /  KSSeKFSv 
PS/SINGLEB 

52 EQUIV KGGvKNN/MPCFI/MGGtMNN/MPCFfB 

53 CHKPNT G M , R G ~ G O ~ K O O B , L O O , U O O , M O O B ~ M O A B ~ P Q ~ K S S ~ K F S ~ Y S ~ P ~ ~ U S E T ~ R U O V P  
KNNeMNN $ 

54 COND LBLYeGENEL B 

55 GPLrGPPTpUSETtSIL/OGPST B 

5 6  OFP OGPSTVP~~~//VVNICARDNO B 

57 SAVE CARDNO B 

58 LABEL LBLY $ 

59 COND LBLEpMPCF2 B 

60 USETtRG/GM 9 

61 CHKPNT GMB 

62 USET~GM,KGGPMGGII/KNNIMNN,,B 

63  CHKPNT KNNpMNNB 

6 4  LABEL LBL2 B 

65 EQUPV KNNpKFF/SINGLE/MNNtMFF/SINGLE$ 

66 CHKPNT KFFvMFF B 

67 COND LBL3rSINGLE B 

69 CHKPNT KFSrKSSpKFFtMFF E 

70 LABEL LBL3 B 

71 EQUIV KFF,KAA/OMXT/ MFFtMAA/OMITB 

72 CHKPNT KAAtMAA B 

73 COND bBL5vOMIT B 

74 U S E T ~ K F F ~ M F F ~ ~ / G O ~ K A A ~ K O O B P ~ O O ~ U O O ~ M A A ~ O B M O A Q ~  S 

75 CHKPNT G Q I K A A ~ K O ~ B ~ L O O V U O O P M A A ~ M O O B ~ M O A B S  



RIGID FORMATS 

R P G I B  FORMAT DMAP L I S T I N G  
SERIES L 

RIGID FORMAT 2 

N A S T R A N  S O U R C E  P R O G R A M  C O M P P L W T I O N  
DMAP*DMAP INSTRUCTION 

NO * 

77 uSET,KAAIMAA/KLL~KLRPKRR~MLLPMLRPMRRB 

78 CHKPNT K L L ~ K L R I K R R ~ M L L P M L R ~ M R W B  

80 CHKPNT ULLeLLLI 

8% bLLpULLoKLRpKRR/DM S 

82 CHKPNT DM$ 

83 DMvMLbrMLRtMRR/MR$ 

84 CHKPNT MRB 

86 CHKPNT PG $ 

8 1 USETOGM~YSIKFSIGOPDMIPG/QRPPO~PSPPL B 

88 CHKPNT QRpPOvPSpPL $ 

89 P L ~ Q R ~ P O ~ M R p M L R ~ D M ~ M L L v M O O ~ ~ M O A B ~ ~ O v U S E T / P L I P O I / V N O M X T  B 

90 CHKPNT PLIePOIB 

92 CHKPNT UbVtUOOVtRULVoRUOVB 

94 MATGPR GPLIUSETPSILIRULV//CPNVL $ 

95 MATGPR GPL,USETPPIL~RUOV//C~NVO $ 

96 LABEL LBL9 $ 

98 CHKPMT UGVpQGvPGG B 
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R I G I D  FORMAT BMAP LISTZNG 
SERIES L 

R I G I D  FORMAT 2 

N A S T R A N  S O U R C E  P R O G R A M  C O M P I L A T I O N  
DMAQ-DMAP INSTRUCTION 

NO. 

1 0 1  JUMP ERROR% 

1 0 2  LABEL LBL8 $ 

1 0 3  CHKPNT CSTM $ 

105  OFP O U G V ~ ~ O P G ~ P O Q G ~ ~ O E F ~ ~ O E S I ~ / / V , N , C A R D N O  B 

1 0 6  SAVE CARDNO $ 

1 0 7  COND P2,JUMPPLOT $ 

1 0 9  PRTMSG PLOTX2// $ 

110  LABEL P 2  B 

111 JUMP F I N I S $  

1 1 2  LABEL ERROR13 

1 1 3  PRTPARM / /CtN,- l /CtNeINERTIA$ 

114 LABEL ERROR29 

115 PRTPARM / /C INP-~ /CPN~INERTIAB 

116  LABEL ERROR3 !6 

1 1 7  PRTPARM / /CtN,-3/CtN,INERTIA B 

1 1 8  LABEL ERROR4 B 

1 1 9  PRTPARM / / C , N ~ - ~ / C P N ~ I N E R T I A  B 

120 LABEL F I N I S $  

1 2 1  END 0 
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3.3.2 Description of DMAP Operations f o r  S t a t i c  Analysis with Ine r t i a  Relief 

4. GP1 generates coordinate system transformation matrices , tables  of gr id  point locations,  
and tables  fo r  re la t ing internal and external grid point numbers. 

7. GP2 generates Element Connection Table with internal indices.  

9. PLTSET transforms user input in to  a form used to  drive s t ruc tu re  p lo t t e r .  

11. PRTMSG pr in t s  e r ro r  messages associated with s t ructure  p l o t t e r .  

15. Go t o  DMAP No. 19 i f  no undeformed s t ructure  plot  request. 

16. PLOT generates a l l  requested undeformed s t ructure  plots .  

18. PRTMSG prints  p l o t t e r  data and engineering data f o r  each.undeformed p lo t  generated. 

20. GP3 generates S t a t i c  Loads Table and Grid Point Temperature Table. 

22. TAI generates element tables  fo r  use i n  matrix assembly and s t r e s s  recovery. 

24. Go t o  MAP No. 112 and p r in t  e r r o r  message i f  there are no s t ruc tu ra l  elements. 

27. SMAl generates s t i f f n e s s  matrix [K' 1 and Grid Point Singular i ty  Table. 
gg 

29. SMA2 generates mass matrix [M 1. 
99 

31. Go t o  DMAP No. 112 and p r in t  e r r o r  message i f  no mass matrix e x i s t s .  

33. Go t o  DMAP No. 37 i f  no weight and balance request. 

34. GPWG generates weight and balance i nfomation. 

35. gFP formats weight and balance information and places i t  on the system output f i l e  fo r  
pr int ing.  

38. Equivalence [K' 1 t o  [K ] i f  no general elements. 
99 99 

40. Go t o  DMAP No. 43 i f  no general elements . 
41. SMA3 adds general elements t o  [K' 1 t o  obtain s t i f fness  matrix [K 1. 99 99 
45. Go t o  next DMAP ins t ruct ion i f  cold s t a r t  or  modified r e s t a r t .  LBLll will  be a l tered by 

the Executive System t o  the proper location inside the loop for  unmodified r e s t a r t s  within 
the loop. 

46. Beginning of Loop for  additional constra int  s e t s .  

47. GP4 generates f lags  defining,members of various displacement s e t s  (USET) , forms mu1 t i  point 
constra int  equations [R I{u I = 0 and forms enforced displacement vector {Ys) .  

g 9 
49. Go t o  DMAP No. 116 and pr int  e r ro r  message i f  no independent degrees of freedom are  defined. 

50. Go t o  DMAP No. 118 and p r in t  e r r o r  message i f  no free-body supports.  

52. Equivalence [ K  ] t o  [K,,] and [M 1 t o  [ M n n J  i f  no mu1 t i  point constra ints .  
gg 99 

54. Go t o  DMAP No. 58 i f  general elements present. 

55. GPSP determines i f  possible g r i d  point s i  ngular i l ies  remain. 
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0FP Formats table of possible grid point s ingular i t ies  and places i t  on the system output 
f i l e  for printing. 

Go to DMAP No. 64 i f  MCEl and MCE2 have already been executed for current s e t  of multi- 
point constraints . 
MCEl parti t i  ons mu1 t i  point constraint equations [R 1 = [Rm I R,] and solves for mu1 t i  - 

9 
point constraint trans formati on matrix [Gm] = - [ R ~ ] - ' [ R ~ ] .  

MCE2 partitions s t i f fness  and mass matrices 

[Kgg]  = and 
%n I %m 

and performs matrix reductions 
T T [Knnl = [inn] + [G,$[K,,,~I + [Kmnl[Gml + [Gml[K,,$Gml and 

Equivalence [ K n n l  to  [ K f f l  and [Mnn]  t o  [Mffl i f  no single-point constraints. 

Go to  DMAP No. 70 i f  no single-point constraints. 

SCEl partit ions out single-point constraints 

Equivalence [Kf f ]  to [Kaa] and E M f f ]  t o  [Mas] i f  no omitted coordinates. 

Go to  DMAP No. 76 i f  no omitted coordinates. 

SMPl parti t i  ons constrained s t i  ffness and mass matrices 

solver for transformation matrix [Go] = -[KO,]-' [KO,] 

T 
and performs matrix reductions [Kaa] = [Kaa] t [Koa][Go] 

and T T T [Ma,] = [Ma,] + [MoaIIGoI + [GoIIMoal [GoIIMoo][Gol~ 

RBMGl partitions out free-body supports 

and [Ma,] = 

79. RBMG2 decomposes constrained s t i  Ffness matrix [ K R R ]  = [LRR][URR]. 

3.3-7 
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81. RBMG3 forms r i g i d  body transformation matrix 

ca lcula tes  r i g i d  body check matrix 

and ca lcula tes  r i g i d  body e r r o r  r a t i o  

83. RBMG4 forms r i g i d  body mass matrix [mr] = [Mrrl + [M:~I[DI + [ D ~ I [ M ~ ~ I  + [D~I[M,,I[DI. 

85. SSGl generates s t a t i c  load vectors {P 1 .  
9 

87. SSG2 applies const ra in ts  to  s t a t i c  load vectors 

T and calcula tes  determinate forces of reaction {qrl = -{Prl - [D ]{P,l. 

89. SSG4 calcula tes  i n e r t i a  loads and combines them with s t a t i c  loads 

I P ~ I  = { P L l  + [MaLl[Dl + [MLrl [mrl'l{qrl and 
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91. SSG3 solves for  displacements of independent coordinates 
- 4  i 

(u,} = CKRRl {PRl , 
solves for  ddisplacements of omitted coordinates 

o -1 i 
{uo1 = [KOOl {Po) , 

calculates residual vector (RULV) and residual vector e r r o r  r a t i o  for  independent coordinates 
i 

= {Pi} - [KRR1{uR} 

and calculates residual vector (RUgV) and residual vector e r r o r  r a t i o  fo r  omitted coordinates 
i o 

rap:) = ( p o l  - [ K ~ ~ I { u ~ ) ,  

93. Go t o  DMAP No. 96 i f  residual vectors are  not t o  be printed 

94. Print  residual vector for  independent coordinates (RULV) 

95. Print  residual vector for  mi t t e d  coordinates (RUgV) . 
97. SBRl recovers dependent displacements 

and recovers s i  ngle-poi n t  forces of constra int  

99. Go to  DMAP No. 102 i f  a l l  constraint  se t s  have been processed. 

700. Go t o  MAP No. 46 i f  additional se t s  of constraints need t o  be processed. 

101. Go t o  M A P  No. 114 and pr int  error  message i f  number of loops exceeds 100. 

3.3-9 
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SDR2 calculates element forces and stresses (@ES1, P E F I )  and prepares load vectors, dis- 
placer~iev~t \~ecLors and single-po?" n t  forces of constraint for output (gPG1,  @UG!rl , PUGVI , 
0QG11 

@FP formats tables prepared by SDR2 and places them on the system output f i l e  for printing. 

Go to DMAP No. 110 i f  no deformed structure plots are requested. 

PLPJT generates a1 l requested deformed structure plots. 

PRTMSG prints plot ter  data and engineering data for  each deformed plot generated. 

Go t o  DVAP No. I20 and make normal ex i t .  

S T A T I C  ANALYSIS  WITH I N E R T I A  R E L I E F  ERROR MESSAGE NB. 1 - MASS MATRIX REQUIRED FgR CALCULA- 
T I P N  @F I N E R T I A  LBADS. 

S T A T I C  ANALYSIS  WITH I N E R T I A  R E L I E F  ERR0R MESSAGE N0 .  2 - ATTEMPT T @  EXECUTE MORE THAN 100 
LOBPS . 
S T A T I C  ANALYSIS  WITH I N E R T I A  R E L I E F  ERROR MESSAGE Np. 3 - NO INDEPENDENT DEGREES 0 F  FREEDOM 
HAVE BEEN DEFINED.  

S T A T I C  ANALYSIS  WITH I N E R T I A  R E L I E F  ERRPR MESSAGE N@. 4 - FREE-B@DY SUPPgRTS ARE REQUIRED, 
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3.3,3 R e s t a r t  Tables f o r  S t a t i c  A n a l y s i s  w i t h  I n e r t i a  R e l i e f  

3,3.3.1 B i t  Posi L ions  f o r  Card Name R e s t a r t  Table 

Card Name 

AXIC 
CELASl 
CELAS2 
CELAS3 
CELAS4 
CMASSl 
CMASS2 
CMASS3 
CMASS4 
CORD1 C 
C0RDl R 
cgRD1s 
CgRD2C 
CpRD2R 
C0RD2S 
GRDSET 
GRID 
POINTAX 
RINGAX 
SECTAX 
SEQGP 
SPOINT 
BARgR 
BEAMOR 
CBAR 
CBEAM 
CCflNEAX 
C@NR@D 
CQDMEM 
CQDPLP 
CQUADI 
CQUAD 2 
CROD 
CSHEAR 
CTORDRG 
CTRAPRG 
CTRBSC 
CTRIAS 
CTRIA2 
CTR I ARG 
CTN4EM 
CTRPLT 
CTUBE 
CTWIST 

B i t  Pas. -- 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

Card Name 

PBAR 
PBEAM 
PCONEAX 
PQDMEM 
PQDPLT 
PQUAD 1 
PQ UAD 2 
PROD 
PSHEAR 
PTflRDRG 
PTRBSC 
PTRIAl 
PTRIA2 
PTRMEM 
PTRPLT 
PTUBE 
PTWIST 
GENEL 
CgNMl 
CPNM2 
PELAS 
PMASS 
MAT 1 
MAT2 
MAT3 
MATT 1 
MATT2 
MATT 3 
TABLEMl 
TABLEM2 
TABLEM3 
TABLEM4 
TEMPMT$ 
TEMPMX$ 
MP C 
MPCADD 
MPCAX 
MPC$ 
SPC 
SPCl 
SPCADD 
SPCAX 
SPC$ 
PMIT 

B i t  Pos , 

3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
4 
5 
5 
6 
7 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
9 
9 
9 
9 

10 
10 
10 
10 
10 
11 

Card Name 

PMIT1 
@MI TAX 
SUPAX 
SUPgRT 
TEMP 
TEMPAX 
TEMPD 
WTMASS 
GRDPNT 
PLOTEL 
IRES 
PLOT$ 
PlaUT$ 
Llaaps 
LOPPl$ 
COUPMASS 
DEFPRM 
DEFORM$ 
LOAD$ 
RFP)RCE$ 
FgRCE 
FflRCE1 
FORCE2 
FORCEAX 
LOAD 
MPMAX 
MOMENT 
MOMENT1 
MOMENT2 
PLOAD 
PLgAD1 
PL0AD2 
PRESAX 
RFORCE 
SLPAD 
GRAY 
TEMPLD$ 

B i t  Pos. 

11 
11 
12 
12 
13 
13 
13 
14 
15 
16 
17 
18 
19 
22 
2 3 
24 
59 
59 
59 
59 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
61 
62 



RIGID FORMATS 

3.3.3.2 B i t  Posi t ions for F i l e  Name Restar t  Table 

F i l e  Name 

BGPDT 
CSTM _ 
EQEX 1 W 
GPDT 
GPL 
SIL 
ECT 
GPTT 
SLT 
ECPT 
EST 
GEI 
GPCT 
GPST 
KGGX 
MGG 
KG G 
RG 
USET 
YS 
PGPST 
GM 
KNN 
MH N 
KFF 
KFS 
KS S 
MFF 
GV 
KAA 
KbVB 
Ls0 
MAA 
MgAB 
MPPB 
uas 

Hit Pos . --- 
94 
94 
94 
94 
94 
94 
95 
96 
96 
9 7 
97 
9 7 
97 
9 8 
9 8 
99 

100 
101 
101 
101 
102 
103 
104 
104 
105 
105 
105 
105 
106 
S 66 
106 
106 
106 
106 
106 
106 

F i l e  Name 

KLL 
KL R 
KRR 
MLL 
ML R 
MRR 
LLL 
ULL 
DM 
MR 
PG 
PL 
P0 
PS 
Q R 
PLI 
PPI 
RULV 
RUfJ V 
ULV 
u00v 
PGG 
QG 
UGV 
gEF1 
PESl 
PPG1 
0QG1 
PUGV1 
PUGVl 

B j t  Pos. 

107 
t07 
107 
107 
107 
107 
108 
108 
109 
110 
11 1 
11 2 
112 
112 
112 
113 
113 
114 
11 4 
114 
114 
115 
11 5 
115 
116 
116 
116 
11 6 
916 
116 
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3 . 3 . 3 . 3  Card Nanie R e s t a r t  Tab1 e 

Bit  P o s i t i o n  
20 30 40 

BEG1 N 123456789G 1 2 3 4 5 6 7 8 9  2 3 4  
F I L E  1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9  234  
F I L E  1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9  2 3 4  
$ SS 1 3  

CHKPhT - 17 4 5 -  6 
PLTSET 8 
SAVE - .  - - - - -  8 
PRTMSG- 
CHKPhT 8 
SETVAL 8 
SAVE 8 
C CND 8 
PLOT_ 8 
SAVE A 
PKTMSG 8 
LABEL 8 
G P3 12 3 C 1 
CtlKPIUT 1 2  3 C 1 
TA_l a 1234567 -  - - _ _ - ._ - - 
SAVE 1 2 3 4 5 6 3  
C CND 
P URG k 
CHKPkT 
SPA1 
ChKPNJ 
S ha2 
S WVE 
CGND 
CNKPRT 
C CND 
GPMG _ L Z L f i  7 8  -4%- - - - - -  
OFP 123 5 7 8  4 5 

1 2 - 3 5  7 8 _ sn\rz--- - - 45- --- 

LABEL 1 2 3  5 7 8  4  5 

PARA M II 
JUMP 

a 3 - - _  _ _ - _  . ---  s ss. -_ _ _-  - - 
L A B E L  2 3  
G P4 P 9012  23  
SAVE 1 9012 2 3 
C LNO 1 9012 23 
C END 1 901 2 2 3  
P L R G E  -1 9QlZ _ 2 3  _ 
E C U I  V 1 2 3 4 5 6 7 8 9  2 3 
G H K P R T  I a 2 3 
ccno 123 (4 D o 2 3 
G PSP 123 o e o 2 3 
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DT4AP - - -- 
. ---- - - 

B i t  Position 
Inst .  1 10 20 -- - - - -. - -- - - - - - 30 - 402- - 50 _<. . 6_0..-_ - ---- -- --- - 

2 3 123- 6 8 0 - -_ - - OFP 
SAVE 123 6 8 0 2 3 
LABEL - 123 6 8 0 2 3 
C END 123456789 23 
MCE 1 1 9 - - - -  - -  . --- - - .- - -  - - - - - - -- - - -- - 
CHKPhT 1 9 23 
MCE2 -_ -- 123456_1_89_ - - -- 23- _ - -- 
CHKPNT 123456789 2 3 
LABEL .--_-12_3__45_67 89- -. -_ _- --23_ - -- - - - - - - - - 

EQUIV 123456789C 2 3 
CHKPNT 1 2 3 4 5 6 _ I S 6 _ 7 8 - 2 3  - -  
C CNO 1234567890 23 

12 345_6_78913_ - 23- SC?? 1 -. - . - - -- - - - - - _ . --- . -- - - - - - - 

CHKPhT 1234567890 2 3 
1234567890 - - -- - - 23 _ LABEL_-- - - -- --  -- 

EQUIV 123456789Ul 23 
$HUNT_ - 1234567890 1 - - _-_-- _ -23 - -- -- _. -- - -- - - - - . - -- - - - - -- - 
C ON0 12345678901 2 3 
SE(P1 12345678901 - - _  23 - 

CHKPNT 12345678901 23 
LABEL 123456U901 - - 23 _ - - - - 

RBMGl 123656789012 2 3 
CB!KKEN_L -12 1 4  567890bL- 23- . - - . ---- _- -_ - -_ - -- - - _ - - - - - - -  - - .-- 
RBMG2 1234 6 89012 23 
CHKPhT - - 1 2 3 4 - - 6 A ? Q _ 1 2 - _ _ 2 3  - -  -- --  -- _ - - . -- - - - - - --- - -- - - -. - 

R BMG 3 1234 6 89012 2 3 
W P ~ T  _ - i z x - a _ e 9 ~ 1 ~  23 __ -. -_ - _ ---- - .-. - _ _ - - --- _ -_ - _ _  - 
RHMG4 123456789012 2 3 
LtK&BL.-JR1424424ZS94LZ_4LZ_-LL - -  - -- - -- - -- 
S S G l  123 5678 23 9C12 

1 2 3 - 5 6 t -  _ -_2L -- - --- _-__. _ -_- LHKP!TT -_ -- _ _ - _- 9QU- -- _ _  - 
S 562 123 56789012 2 3 9012 

123 567_8_9_0 12 - - 2 3  _ CHKPNT -- ---_ - - -- - 9C12 - - -- - 
S SG4 123 56769012 2 3 9612 

MATGPR 123456789012 7 2 3 - -. -. .. - - . - . . -- - - .. - .. .-. -. -- -- --- 
MATGPH 123456789012 7 23 
LABEL --12 34557-V&COL1_2 x ---- &! ----- -. --. - _- 9S;LZ 
SIIR1 123456789012 23 9C12 
CHKPNI - -123456789-G12 _ - - -- 2 3 a _- _ _  _ - - - _ 9 ~ 1 2  - _  
C OND 23 

1 3  ss . . -  . .. - . -  - - - .._. ~ .. . . .. .-. - . . . - . . . . . . . . . . .. -- . - .- 
REPT 2 3 
S SS 1 3  . " -.--...--....---.-A-s. - -  .- .. . .. -. .. . ..- . . -- .- .. - .. .. . - ....... ~ .>  --- -- 
JUKP 23 
s ss . .  2 -  -. . .. _ . .. . . .  - . . . - - - -  - .. . . . . -. . . - . - . .. - .. . - 

LABEL 2 3 
sss . .. 1- . .  . . . -  - . .. . - . . . . . - . . . . . ~ 

CNKPNT 9 
SIIRZ 89 -. -- -.. . ... .. - - . .- - . . -, - . - - - 
OFP 9 
SAVE - 

C CND 
PLOT 8- 
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B i t  Pos i t ion 
20 30 40 

!!!!MSG- _ - - -  - _ - _  ._ - _ - - s - - - - 
LABE c- 8 
JUMP - 1234567890123456789 234 9C12 
LA BE^ 1234567890123456789 234 9612 
PRTPARH ---- 1 2 3 ~ i m ~ w ? a 4 5 a 1 s _ 9  _.234 - - _--_ -- - - - - -  9 ~ k 2  . - - 
LABEL 1234567890123456789 234 9G12 
1 SS 1 3  
PKTPARM 1234567890123456789 234 9C12 
SSS 1 3  . - -- . - - - - - - - . - .  

LABEL 1~34567890123456789 234 9C12 
PRTp-A_rl_p"_ _-1Z?53_6 7!32_9!! L2_3_454LCB - 2 3 4 -  . -- . - - .- -- -- - - -- - 9 ~ 1 2  
LABEL 1234567890123456709 234 9C12 
PRT-PARM - 12_345628901l.456789 234 9C12 
LABEL 1234567890123456789 234 9012 
END 1234567890123456789 234 9G12 
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3 .3 .3 .4  R i g i d  Format Change R e s t a r t  Table 

DMAP B i t  P o s i t i o n  
I n s t .  6 3 70 80 

B E G I P l  3 5 6 7 8 9 G 1 2 3 4  
F I L E  3 5 6 7 8 9 6 1 2 3 4  
F 6 b E  3 5 6 7 8 9 C L 2 3 4  
C P 1  

G P 2  
C h K P h T  
P L T S E T  
SAVE 

S E T V A L  
SAVE 
C CND 
P L O T  
SAVE 
PRTEnSG 
L A B E L  
G P3  
C h K P h l  
T A Z  p 

S h V E  
& C h D  
PURGE 
CWKPFiT 
S FA 1 
C H K P h T  
S P A 2  3 6 7 8  
SAVE 3 6 7 8  
CCNU 3 5 6 7 8 9 C 1 2 3 4  
C H K P N T  3 678 
CCNE 
CPWG 
Of-P 
SAVE 
L A B E L  
ECUt V 
C H K P h T  
C CNO 
S P A 3  
C H K P h ?  
L A B E L  
P A R A P  
J L C P  
L A B E L  
G P 4  
SAVE: 
C CNO 3 5 6 7 8 9 C l 2 3 4  
c C N D  3 5 6 7 8 9 ~ 1 2 3 4  
PURGE 
E b U I V  
C H X P h T  
C C&D 
GPSP 
OFP 
SAVE 

DMAP B i t  P o s i t i o n  
I n s t .  63 70 80 

L A B E  h 
G CND 
MCE l 
C P K P G  

L A B E L  
ECUI  M 
C I i K P h T  
C CNL) 
SCCT 1 
C H K P R T  
L A B E L  
E h U I V  
C H K P h T  
CCND 
SluPL 
C H K P h T  
L A B E L  
Kt3PCGf 
C h K F h P  
K B M G L  
CL-IKPhT 
RBP"G3 
C t i K P h T  
R D P G 4  
C H K P N T  
S S G 1  
C H K P h T  
S SGZ 

CHKPh-T 3 
C CMD 3 5 6 7 8 9 0 1 2 3 4  
MAPGPR 
M A T G P R  
L A B t L  
S1)K l  
C H K P N T  
C QNU 
R E P T  
JkiMP 
L A B E L  
C h K P l L T  
SPRZ 
OFP 
S h W E  
C C&D 
P L O  f 
P R T M S G  
L A B E L  
J III" P 
L A D E  L 
PRTPbKP 
L A B t L  
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DMAP B i t  Pos i t i on  
I n s t .  63 70 80 

PRTPARM 3 56789C1234 
LABEL 3 56789C2234 
PNTPARP 3 56789Ch234 
LAGEL 3 56789C1234 
PHTPARM- 3 56789C1234 
L A B E L  3 56789CL234 
E N D  3 5678962234 
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3.3.3.5 File Name R e s t a r t  Tab le  

DMAP B i t  P o s i t i o n  DMAP B i t  P o s i t i o n  
110 I n s L  -.- _ _ 24- _ 1_0_01- _ -- 120 _Inst . -  _ -  -_ _ 94 - _ _A- loo _ _-A10 -_ - _ -120- _ 

B>GI h - - - L A B E L  2 
F I L E  C ChD 3 4 
F I L E  MCE l 3 
G P l  4 CHKPNT 3 
SAVE 4 - MCE2 .- -- 4 - -_ 
CMKPNT 4 CHKPNT 4 
G P2 5 L ARE L 34 - - - 

CHKPNT 5 EGIJ IV  5 
P L T S E T  Ct lKPNT 5 - 

SAVE C CND 5 
PRTMSG _- - - - S C E l  -- - - - 5 - - - ---. - - -- -- - - - -- 
CHKPNT C H K P ~ T - -  s 
SETVAL - - L A B E L - - _  - _ - _  5 -  __  
SAVE E b U I  V 6 
C CND CHKPKT - 6 
PLCT C END 6 
S AWE - - - - - -. -- - .- - - s r ~ l  .-- . -  - 6 _ _ _  _ _  
P H T M S ~  CHKPNT 6 
L A B E L  L A B E L  6 
G P3 6 HRMG l 7 
CHKPNT 6 - CHKPNT 7 
T A l r  7 RBPGZ 8 
S A V t  - . _ 7 - - - . -- -- - _CH_KPNT__ - - - - 
C CNO 7 9 % R RMG 3 9 
PLRGE 7 2 C H K P W -  _ _  . .__ _. .- _- _ -- 9 - - 

CHKPAT 7 RBVG4 0 
S P A 1  -8 _ CHK_PNT_ - _ _ ..D -_ _ - - - 

CHKPFUT B S S G l  1 
S PA2 _ . 9- _. - _cHKPN_T_ _-- -- -.- _ I - --- 
SAVk 9 5562 2 
CCND 9 - CHKPNT _ _ - - -. 2 - 

CHKPRV 9 S 5 6 4  3 
C CND CHKPWT- - .  3 
G PhG SSG3 4 

_ - - _ - - __ -- -- - --_ . CHKPNT-  __ - --- - e .  
SAVE C OND 
b AB E_L -- - _  - - -- _ -- . _ - MATGPR - - 

E G U I V  0 MATGPR 
C H K P h V  - _  0 - - 

CCND S 
SPA3 - _ _ - _ _  . -_ Q _ _ . - 

ChKPNT 0 
L A B E L  CI 
PARAP 1 
JLMP - 

L A B E L  0 
Gt.'4_ - _ _- _ - 1-  --  _ _  
SAVE 1 
C LND I 
C CNO 1 
P LRG E 1 3 56 2 4 
E P U I  V 4 
CHKPFtT 
C C N n  2 
G P S P  2 
CkP 2 
SAVE 2 

LABEL-- -  _ - - - - . . . - - -- 

SDH l 5 
C-HKPkT _ -_ - -. _ _ _ T _ - -  
C  CND 
R E P 1  
JbWP 
L A B E L  
CHKPFUT 
SORZ 6 
OFP 
SAVE 
C OND 
PLOT 
PRTMSG 
L A B E L  _- - 
J Lt4 P 
LABEL 
PRTPARPI 
L A B E L  
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DMAP 
-- - 

- Bit Pos i t i on  
I n s t .  94 110 - _ --- !o_K--_ . - 120- 

PRTGRM- - 

LABEL- 
PRVPARM - - -  - .- - - .-- - - 
L A B E L  
END - _- - 
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3.3.4 Case Control Deck and Parameters f o r  S ta t i  c-A 

The lolle\dii,g items r e l a t e  t o  subcase def in i t ion  and data se lec t ion f o r  S t a t i c  Analysis w i t h  

i ne r t i  a Re1 i e f :  

1. A separa te  subcase must be defined f o r  each unique combination of const ra in ts  atid s t a t i c  

1 oads . 
2. A s t a t i c  loading condition must be defined f o r  (not necessari ly within) each subcase 

with a LQAD se l ec t ion .  

3.  An SPC s e t  may be se lec ted  only i f  used t o  remove g r id  point  s ingular i  t i e s  or  some, but  

not a l l ,  of the  f r ee  body motions. A t  l e a s t  one f r e e  body support must be provided w i t h  

a SUPPRT card in  the  B u l k  Data Deck. 

4. Loading conditions associated with the  same s e t s  of const ra in ts  should be i n  contiguous 

subcases in order t o  avoid unnecessary looping . 
5. REPCASE may be used t o  repeat  subcases in order t o  allow multiple s e t s  f o r  the same out-  

put item. 

The following output may be requested f o r  S t a t i c  Analysis with Ine r t i a  Relief:  

1 .  Displacements a t  se lec ted  gr id  points due t o  the  sum of the applied loads and the i n e r t i a  

1 oads . 
2. Nonzero components of the applied s t a t i c  loads a t  se lec ted  g r id  points.  

3. Reactions on free-body supports due t o  applied loads (single-point  forces of cons t r a in t ) .  

4. Forces and s t r e s s e s  in  se lec ted  elements due t o  the sum of the applied loads and i n e r t i a  

loads,  

5. llndeformed and deformed plots  of t h e  s t ruc tu ra l  model. 

The following parameters are  used in S t a t i c  Analysis with Ine r t i a  Relief:  

GRDPNT - optional - a posi t ive  in teger  value of t h i s  parameter wi 11 cause the Grid Point  1. - 
Weight Generator t o  be executed and the resul t ing  weight and balance information t o  be 

printed.  

2, W7MASS - optional - t he  terms of the mass matrix are  mu1 t ip1  ied by the real value of t h i s  

parameter when they a re  generated in  SMA2. 
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IRES - optional - a positive integer value of this  parameter w i  11 cause the printing of 3. - 
the residua1 vectors following the execution of SSG3. 

4. CBUPMASS - optional - a positive integer value of th i s  parameter w i l l  cause the genera- 

tion of coupled mass matrices rather than lumped mass matrices for  a l l  bar elements, rod 

elements, and plate elements that  include bending s t i f fness  (see Section 3.1 for  l i s t  of 

el ernents 1. 



3.4 NORMAL MODE ANALYSIS 

3.4.1 DMAP Sequence f o r  Normal Mode Analysis- 

RIGID FORMAT 3 

N A S T R A N  S O U R C E  P R O G R A M  C O M P X L A T I O N  
DMAP-DMAP INSTRUCTION 

NO. 

1 BEGIN NO03 NORMAL MODES ANALYSIS - SERIES L $ 

2 F I L E  LLL-TAPE B 

3 a GEOMl r GEOM2, IGPL r EQEXIN, GPDT p CSTM, BGPDTr SIL/V P N, LUSET/ C r Nr 123/ 
VtNpNOGPDT B 

4 SAVE LUSETS 

5 CHKPNT GPLtEQEXINvGPDT,CSTMvBGPOTeSIL $ 

7 CHKPNT ECT B 

8 PLTSET P C D B , E Q E X I N P E C T / P L T S E T X I P L T P A R ~ G P ~ E T S ~ E L S E T / V N S X L  V P N V  
JUMPPLOT B 

9 SAVE NSILpJUMPPLOT B 

10  PRTMSG PLTSETX//S 

11 CHKPNT PLTPAReGPSETSvELSETS $ 

12 SETVAL //VtN~PbTFLG/CrNvL/VvNtPFILE/CvNtO $ 

1 3  SAVE PLTFLGePFILE B 

14  CONB PIPJUMPPLOT 8 

16 SAVE JUMPPLOTrPLTFLGvPFILE $ 

1 7  PRTMSG PLOTXI//$ 

1 8  LABEL P 1 $  

20 CHKPNT GPTTB 

2 2  SAVE NOGENbrNOSXMPtGENEL B 

24 PURGE OGPST/GEN&L B 
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R I G I D  FORMAT BMAP L I S T I N G  
SERIES L 

R I G I D  FORMAT 3 

N A S P R A N  S O U R C E  P R O G R A M  C O M P I L A T I O N  
DMAP-BMAQ INSTRUCTION 

NO c 

2% CHKPMT ES~PECPV~GPCTPGEIPQGPST S 

27 CHKPNT 

29 SAVE 

30 COND 

31 CHKPNT 

32 COND 

3 3 

34 QFP 

3% SAVE 

36 LABEL 

37 EQUIV 

38 CHKPNT KGG B 

39 CQND 

4 1  CHKPNT KGG B 

42 LABEL 

43 PARAM 

45 SAVE 

46 CQND 

47 PURGE 

48 EQUIV 

49 CWKPNP 
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R I G I D  FORMAT OMAP LISTING 
SERIES L 

R I G I D  FORMAT 3 

N A S T R A N  S O U R C E  P R O G R A M  C O M P I L A T I O N  
DMAP-QMAP INSTRUCTION 

NQ I 
KNN I MNNB 

50 COND L B L 4 t  GENEL 3 

52 OFP OGPST,V~~~//VINVCARDNO $ 

53 SAVE CARDNQ B 

54 LABEL LBL4 % 

57 CHKPNT GMB 

59 CHKPNT KNNeMNNB 

60 LABEL 106.2 B 

6 2  CHKPNT KFFpMFF B 

6 3  COND LBL3pSXNGLE $ 

64 U S E T V K N N ~ M N N V P / K F F P K F S P O M F F V V  B 

6 5  CHKPNT KFS~KFFDMFFB 

66 LABEL LBL3 S 

6 7  EQUIV KFF,KAA/OMIT/ MFFeMAA/QMIT% 

68 CHKPNT KAApMAA B 

6 9  COND LBb5rOMfT B 

7 1  CHKPNT KAAvMAAeGOB 

72 LABEL LBL5 $ 

7 3  CQND LBL6,REACT $ 

75 CMKPNT KtLpKLRtKRRpMLLvMLRvMRRB 
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RLGID FQRMAV DMWP LISTING 
SERiES L 

RLGID FORMAT 3 

77 CHKPMT ULLILLLS 

79 CHKPNT DM$ 

8 1  CHKPNT MR6 

8 2  LABEL &EL6 S 

8 4  SAVE NOEED O 

8 6  CHKPNT EED O 

88 SAVE NEIGV B 

8 9  CHKPNT LAMAtPHIAsMIvOEXGSB 

90 OFP L A M A ~ Q E L G S ~ ~ Q ~ / / V ~ N ~ C A R D N O  B 

9 1  SAVE CARBNO B 

92 COND FXNIStMEIGV S 

93 U S E T ~ ~ P H I A ~ ~ ~ G Q ~ G M V ~ K F S O ~ ~ P H I G ~ F Q G / C V N V ~ . C R E G  B 

94 CHKPNT PHIGeQGS 

96 OFP O P H I G I O Q G ~ V Q E F L I Q E S ~ I V ~ / V I N I C A R D N ~  $ 

97 SAVE CARDNO B 

9 8  CON0 P2eJUMPPLOT B 



NOKbMb NODE ANALYSIS 

R%GXD FORMAT OMAQ LISTING 
SERIES L 

R I G I D  FORMAT 3 

N A S T R A N  S O U R C E  P R O G R A M  C O M P X L A T P O M  
DMAP-OMAP PMSTRUCTIQN 

NO * 

1 0 0  PRTMSG PLQTX2// S 

1 0 1  LABEL P2 B 

1 0 2  JUMP FINIS$ 

1 0 3  LABEL ERROR1S 

1 0 4  PRTPARM / / C V N ~ - ~ / G ~ N P M O Q E S B  

1 0 5  LABEL ERROR20 

1 0 6  PRTPARM / ~ C ~ N ~ - ~ B C ~ N B M B Q E S $  

1 0 7  LABEL ERRORS $ 

1 0 8  PRTPARM / /CPNV=~ /CPNPMORES B 

1 0 9  LABEL FINIS$ 

1 1 0  END B 
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3 a 4.2 k;-g~;?L Lqcw~ 1- Mode Analysi s 

GP1 generates coordinate system t r ans foma t io~  matrices, table5 of grid pa-int locations, 
and tsb'les for  relat ing Internal and external g r i d  po:rrt nl~mbers. 

GP2 generates Element Connection Table w i  t h  internal i ndi ses . 
PLTSET transforms user input into a form used to drive structure plot ter .  

PRTMSG prints e r ror  messages associated with structure p? o t te r .  

Go 'to MAP No. 18 i f  no undeformed structure plot request, 

PLPT generates a l l  requested undefomed structure plots.  

PRTMSG prints p lo t te r  data and engineerifig data for each undeformed plot generated. 

GP3 generates Grid Point Temperature Table. 

TA1 generates element tables for use in matrix assembly and s t ress  recovery. 

Go to MAP No. 103 and print  error  message i f  there are no structural elements. 

SMAl genera.tes s t i f fness  matrix [KX ] and Grid Polnt Singularity Table. 
'39 

SMA2 generates mass matrix [M 1. 
gg 

Go to  DMAP No. 103 and print  error  message i f  no mass matrix exis ts .  

Go to DMAP No. 36 i f  no weight and balance request. 

GPWG generates weight and balance information. 

pFP formats weight and balance information and places i t  on the system output f i l e  for  
printing. 

Equivalence [KX ] t o  [K 1 i f  no general elements. 
99 94 

Go to DMAP No. 42 i f  no general eleriients , 

SMA3 adds general elements to  s t i f fness  matrix [K' t a  obtain s t i f fness  matrix f K  1, 
99 gY 

GP4 generate5 f lags definin members of various dssj)lacement sets  (USET) and forms m r r l  t i  - 
point r o ~ ~ s t r a i n t  equations qf i  ] (u  1 = 0 

9 9  ' 

Go to MAP No. 107 and print  error  message i f  no independent degrees of freedom are defirrpd, 

Equivalence [ K  1 to [Knn]  and [M 1 to [ M n n ]  i f  no ~ iu l t i po in t  constraints. 
'39 9 9 

Go to  BE/IAP No. 54 i f  general elements present. 

GPSP determines i f  possible ; r id  point sings"! dri ti e; remdi n .  

OFP f o n a t s  table of possible grid point s i t  ; ~ ~ l a r i " i c s  anC places i t  on the system output 
f i l e  for  printing. 

Go to DMAP No. 60 i f  MCEl and MCE2 have already been executed for  current s e t  of multi- 
point constraints . 

i MCEl  partit ions mu"/ t i  point constrair~t equations [R  1 = 
[Km Knj anu salves for  multi- 

cl 
. ..-!:- - point constraint transfo.rma":ion matrix [ G  1 -- - / R  1 ~ i c  J .  m -. rn 17 
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78, RBMG3 forms r ig id  body transformati on matrix 

calculates r ig id  body check matrix 

and cal cul a tes  r i  gi d body e r r o r  r a t i  o 

80. RBMG4 forms r ig id  body mass matrix [ m r l  = [Mrrl + [M:~I[D] + [D~I[M,,I + [D~][MJ[DI. 

83. DPD extracts  Eigenval ue Extraction Data from Dynamics data block. 

85. Go t o  CHAP No. 105 and p r in t  e r ro r  message i f  no Eigenvalue Extraction Data. 

87. READ extracts  real  eigenvalues from the equation 

calculates r ig id  body modes by finding a square matrix [$ro] such t h a t  
T Cmol  = Dr0l [mrl~+rol 

i s  diagonal and normalized, computes r ig id  body ei  genvectors 

calculates modal mass matri x 
T [ m l  = ~+aIIMaal~+aI  

and normalizes ei genvectors according t o  one of the f o l l  owing user requests : 

1 ) Unit value of se lected coordinate 
2)  U n i t  value of l a rges t  component 
3) Unit value of generalized mass. 

90. PFP formats eigenvalues and summary of eigenvalue extraction information and places them on 
the system output f i l e  for  printing. 

92. Go t o  DMAP No. 109 and e x i t  i f  no eigenvalues found. 
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93. SDRI recovers dependent components of the eigenvectors 

T and recovers single-point forces of constraint {qs) = [Kfs]{$s} . 
95. SDR2 calculates element forces and stresses (OES1, OEF1) and pre ares eigenvectors and 

single-poi n t  forces of constraint for  output ( 0 9 6 1  , OPHIG, WHIG!. 

96. flFP formats tables prepared by SDR2 and places them on the system output f i l e  for  printing. 

98. Go t o  DMAP No. 101 i f  no deformed structure plots are requested. 

99. PLOT generates a1 1 requested deformed structure plots.  

100. PRTMSG prints p lo t te r  data and engineering data for  each deformed plot generated. 

102. Go t o  M A P  No. 109 and make normal ex i t .  

104. NORMAL MODE ANALYSIS ERRgR MESSAGE NO. 1 - MASS MATRIX REQUIRED FOR REAL EIGENVALUE ANALYSIS. 

106. NORMAL MODE ANALYSIS ERROR MESSAGE Ng. 2 - EIGENVALUE EXTRACTION DATA REQUIRED FflR REAL 
EIGENVALUE ANALYSIS. 

-- 

108. NBRMAL MODE ANALYSIS ERROR MESSAGE NO. 3 - NO INDEPENDENT DEGREES OF FREEDOM HAVE BEEN 
DEFINED. 
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3 .4 .3  R e s t a r t  T a b l e s  f o r  N o r m a l  Mode A n a l y s i s  

3 .4 .3.1 B i t  P o s i t i o n s  f o r  C a r d  Name R e s t a r t  T a b l e  

C a r d  Name 

AX I C 
CE LAS 1 
CELAS2 
CELAS3 
CELAS4 
CMASSl 
CMASS2 
CMASSS 
CMASS4 
CJDRDl C 
C0RD1 R 
CgRDl S 
C0RD2C 
CgRD2R 
CflRD2S 
GRDSET 
GRID 
PJDINTAX 
RINGAX 
SECTAX 
SEQGP 
SPJDINT 
BAR0 R 
BEAMgR 
CBAR 
CBEAM 
CCgNEAX 
CJDNR0D 
CQDMEM 
CQDPLT 
CQUADl 
CQUADP 
CROD 
CSHEAR 
CTP)RDRG 
CTRAPRG 
CTRBSC 
C T R I A l  
CTRIA2  
CTRI ARG 
CTRMEM 
CTRPLT 
CTUBE 
CTW I ST 

B i t  P o s  . 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

C a r d  Name 

PBAR 
PBEAM 
PCONEAX 
PQDMEM 
PQDPLT 
PQUADl 
PQUADZ 
PRgD 
PSHEAR 
PTORDRG 
PTRBSC 
P T R I  A1 
PTRIA2  
PTRMEM 
PTRPLT 
PTUBE 
PTWIST 
GENEL 
C@NMl 
C@NM2 
PELAS 
PMAS S 
MAT1 
MAT2 
MAT3 
MATT 1 
MATT2 
MATT 3 
TABLEMI 
TABLEM2 
TABLEM3 
TABLEM4 
TEMPMT$ 
TEMPMX$ 
MP C 
MPCADD 
MPCAX 
MPC$ 
SPC 
SPCl  
SPCADD 
SPCAX 
SPC$ 
OMIT 

B i t  Pos.  

3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
4 
5 
5 
6 
7 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
9 
9 
9 
9 

10 
10 
10 
1 0  
1 0  
11 

C a r d  Name 

B M I T l  
@MI TAX 
SUPAX 
SUPflRT 
TEMP 
TEMP AX 
TEMPD 
WTMASS 
GRDPNT 
PLgTEL 
PLOT$ 
POUT$ 
CaUPMASS 
EIGR 
METH@D$ 

B i t  Pos . 
1 1  
1 1  
1 2  
1 2  
1 3  
1 3  
1 3  
1 4  
1 5  
1 6  
1 8  
1 9  
2 4  
6 1  
6 2 
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3.4.3,2 B i t  P o s i t i o n s  f o r  File Name R e s t a r t  T a b l e  

F i l e  Name B i t  Pos. F i l e  Name B i t  Pos. 

BGPDT 
CSl M 
EQEX I N 
GPDT 
GPL 
S I L  
E CT 
GPTT 
ECPT 
EST 
GE I 
GPLY 
GPST 
KGGX 
MGG 
KGG 
KG 
USET 
@GPST 
GM 
KM lU 
MNM 
GFF 
KFS 
MFF 
G@ 
KfrA 
KbaB 
LFIIB 
MAA 
M@ AB 
i'.l@gB 
usa 
KLL 
KLR 
KRR 
MLL 
MLR 
M R R  
LLL 

iJt.1. 
m 
M 2 
EED 
EQDYN 
GPLD 
SlbO 
USEID 
LAMA 
I4 I 
@El&§ 
PHIA 
PHIG 
UG 
PEF1 
O E S l  
PPHYG 
PQG 9 
PPKIG 
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3 , 4 , 3 , 3  Card Name Restart T a b l e  

BEG1 N 1234567890123456 84 4 - - - 12 
F IQE li345678YCi23456 89 4 12 
G P l  -- i! -- -- -- - -- -. - -- . 

SAVE II 
CHKPNT 1 -- --- -- - -- a --- 
e PZ 12 45 6 
CHKPNT 1 2  45 6 - - - - -- - - -. -- - - - - - - - - - - 
PLTSET 8 
SAVE -- 8 --- -- - -- - - - - .- 
PRTPlSG 8 
CHKPN? 8 ----- -- 
SETVAL 8 
SAVE - 8 -- - .- . - - . 
C QND 0 
PLOT 8 ........ ........... 

SAVE 13 
PRTHSG --- 8 .. ................. - - - 
LABEL 8 

T A l  n E234567 .. ....... ................. - .. 

SAVE 1234547 
C CMO --. 4 .. - 
PURGE 
C ~ K P N T  123456.7 - - --- -- - -- - - -. -. ..... - - - ........ 
SHAh 1 2 3  6 8 
CHKPNP 123. 4 8 . .... 

SPlA2 123 5 98 4 4 
B B B B B . . I - s _  -- 

C 0ND $23 5 7 8  4 4 
CHKPNB b23 5 3  4 4 . . -- - .- . 
C GNU 123 5 9 8  4 5 
GPb4G 1 2 3 5 2 8  4 3 ~___ . - .. - -_ ._ ..... 

OF$ 123 5 T 8  4 5 

LABEL 123 5 7 8  4 5 

CHKPNT 8 --- - - -----A -- - 
LABEL LZ34 6 8 

SAVE I. 
C ON0 1 
PURGE 1 ----2a.u ----- -- - - -- 
EQUS V L23456789 'I 

GPSP 123 6 8 0 -- - -  - - - - - - - . 

OFP 123 b 8 0 
123 6 8 Q ____ SAVE -- - -- - - - -. 

LAB& L 123  6 8 B 
@ GND 123558789 A -- - - _- - - -- A - -. 

HGE 1 1 9 
CHKPNT -- -- k 9 - -- - -- - - - - - --- - 
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- -. - - - - - - - --- -- -- - -- -  --- -- - - -- -- - -- .- 

DMAP B i t  Fosi t i o n  
102 _ _ _ _ _ _ a a _ - 4 0 - A -  

MCE2 123456789 -- - - .- .- 4 . __ _. - 

GHKPNT 123456789 4 
LABEL 4 .. 8234~5!3 7 8 9  _ . -_____-____-_____ 
E4UI \I 1234567890 4 
CWKPNT 1234567890 -----. - "-.--- 4 
C CND 1234567890 4 
S C E l  1234567890 4 - . -  -. ___- -- 
CNKPNT 1234567898 4 
LABEL 1234567890 4 -- 

EQLJI V 22345678901 4 
CHKPMT 1234567890 1 4 -. 
C OND 1234567890 1 4 
S N P l  --- 12345678901 4 -- 
CHKPKT 12345678801 4 
LABEL 12345678901 ---- ---- 4 . . .  - ___ 
C OND 1234569 890 12 4 
RBMGl  123456489012 -------- 4 
CHKPNT 123456789012 4 
RBMGZ 1234 6 89012 - -. 

CHKPNT 1234 6 89012 
RBNG3 1234 6 89012 -- - -. -- 
CHKPNT 1234 6 89012 
RBM64 -- 12L456789012 4 
GHKPNT 123456789012 4 
LABE L 123455789012 ---- 4 -- 
D PD 1 
SAVE I 
C ON0 1 

L E ! i ! P P N T - ~  1 
READ 123456789012 4 12 

123456789012 -SAVVE 4 17 
CHKPNT 123456789012 4 12 
OFP - -- 123456789012 -- 4 - -- - 12 
SAVE 123456789012 4 h 2  
6 0ND 123456789017 4 
SDRl 123456789812 4 
CHKPNT 123456789012 -- 4 1 2  
SDRZ 89 
OFP 9 -- 
SAVE 9 
C GND - 8 
PLOT 8 
PRTMSG - -  8 
LABEL 8 
JUMP 1234567890122456 89 4 12 

4 12 
4 L 7 
4 12 

PRIPWRH 1234567990123456 89 4 - -- 12 
LABEL 1234567890123454 89 4 12 
PRTPARH 123456'8890123456 89 .A_. --- 
L A B E L  1234567890123456 89 4 12 
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3 .4 .3 .4  Rigid Format Change Restart 

-DTAP - --- - 
-- - - 

51 t P o s i t i o n  tfiYAP i34t P o s i t i o n  
Inst .  6 3 70 80 Inst.  6 3 70 80 -- - -- - - - - - - . - - - - 

B E G 1  N --- -34 1 _ 8 9 C L 2 3 4  _ - _ _ _  - - MCE2 . . - -- - 

F I L E  34  678901234  CNKPNT 
G P l  . - - - - -- - LABEL 
SAVE- ECUI v 
CHKPNT -- - .- - - -- - -- - -- - -- - - --- .- - -- CJ-'KPNT- - - _- - , - - - - 
G PZ C CMD 
c n t < ~ _ ~  1- -_ - _ -.-_ . - . -- - -- _- -- -- _ _ SCE 1 
PLTSET CHKPNT 
SAVE -- -. -- - -- -- - - - - - - - lasEL _ - - _ - 
PRTMSG EQUIV 
CHKPNT --- - -  -5 H!P!-7 - -------- -- - - A -- _ - - a- _ _ 
SETVAL C OND 
SAVE - - - -- - - -- --- - _ SMPl - 

C OND CHKPNT 
PLOT - - -- . - -. - - --- -- - - LABEL 
SAVE CCND 

PRTM SG_ _ -- -- - - - -- - _ _ BMG-L- - - -  - -  - - - 
LABEL CHKPKT 
G P3 -- - - .  RBPIG2 
CHKPNT CHKPhV 
U 1  9 - - - - - -- - - - - . RBPG3 
SAVE CHKPNT 
C CND - - - - RBMG4 - ---- - - - --- A - -  - 
PURGE CHKPhT 
CHKPNT - - - LABEL - - 
SCAL D PO 
C HK P N T -- - - - -- - - - - - SAVE _ - - 

SMA2 3 6 7 8  C CND 3 4  6 7 8 9 ~ 1 2 3 4  
s ! d E -  3 678  - ---- - CHKPhlT- - - - - - -- - - 
C CND 3 4  6789C1234 READ 
CHI( P N T 3 6 7 8  -- - - - -- -- - - - - - - - -- - . - - SAVE 
CCND CHKPhT 
- G P_WG -- - - . - ---- -- -- OFP - 

OFP SAVE 
_SAME _- -_ -- . C OND --- - - - - 
LABEL SDRl 34  678901234  
EGUS__V- _ _ __- -- -- _-- . __.. - - . - - CHKPNT . - - - -- 34 6789C1234 - - -- - - -  
CHKPNT SOR2 
C G&! - - - _ - - - - _ O F ?  _- -- - --_ - -- 

SMA3 SAVE 
.LNC.RL .- - . -. .CCND. - . - ,. . -- .-- .. - -  .. . .- _- - 
LABEL PLCIT 

PRTMSG .- 

LABEL 
SAVE - - - -  - - - - . JUMP - _ _  34 6 7 8 9 0 1 2 3 4  _ _ - 
C ON0 LABEL 34 678901234  
PUfiGE- - - - - -- _P_L/TP_AE&!! -3fi7WC1__2_34_- - -- -- __ - -- 
E Q U l  V LABEL 3 4  6 7 8 9 C l 2 3 4  
CHKPMT - - PUTPARIA 34  6789-01234 - 
GCND LABEL 34 678901234  
G P S P  - - - PRTPARM 34 6789~21234  
OFP LABEL 34 6789C1234 

3bvE_-  - - - - E&C_) - -34 67830123k 
LASE b 
CCND . - 

MCEB 
CHKPNT - - - - 
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3 . 4 . 3 . 5  F_Ue Name R e ~ t a r t  Tab1 e -_ -- - - -  - -- - - - - -- 

- -- - -- - - - _  - - _ _ -  . - --- 

DMAQ Bit  Position DMAP Bit Positlon 
-*L- 94 lo_o-...-- 11 0 1 20--- Lns t * 94 100 _lao 

MCEZ 4 -!LEI &_ _- - - --- -- 
F I L E  CHKPNT 4 
G P l  4 - - ___- - - LABEL - - - - - - 33 -- - - - - -- - - 
SAVE 4 EQUP V 5 

X H ! N L - 4 _ _ _ _ -  CHKPNB 
I - - 5 

(i P2 5 C DND 5 

G H M U  5 _ -  SCEl-_--__-___ 5 -  - 
PLTSET CHKBNT 5 

- s i  LABEL -- 5 - 

PRTMSG ECUI V 6 
cfl_KKp?!!!L --- CHKPPIT ---- 6 

SETVAL C CND 6 

SAY!! -- s MP 1- - -- - 6 
C CND CHKPNT 6 
PLOT- -- --- - - - ---- - -- -L !!!% 6 L 
SAVE C ON0 7890 

R B f l G l  P RTC?_SG_ - -- - . 7 .  
LABEL CHKPOUT 7 
G P3 6 - __-- - _ - - _ -- - R E G  2 - 8 
CHKPNT 6 CHKPNT 8 

7 T 4 1 r _ _  - _ -  9 - - - Re453 _____---- 
SAVE 7 CHKPNT 9 

_Lc_!o_- -- --- 7 -. - ---- RBMG4 - 0 
PURGE 7 2 GHKPNT a 

7 C H K P N T - -  - 7890 __LABE_ L -- -- 
SPA1 8 D PD 1 

8 CHK!?NL- -- - snvx 1 
SPA2 9 C CND 1 

9 - 5 CHKPNT b - 
C CNO 9 READ 2 

'9 C H K P N _ T _  - -  -- -- -- SAVE -- 2 
C CND CHKPRT 2 
GP!G_- -- _-- OFF-- -- 2 
OFP SAVE 2 
S A X -  -_-- C QMD 3 4 
LABEL S D R P  3 
EI;UI_V_ - -  & - -  GHKPNT 3 
CHKPNT 0 S OR2 4 

OFP caw -0 -- -- 
S MA3 0 SAVE 

-_C_HKP&I--  L -- C OMD --- - 
LABEL 0 PLQT 

PRTMSG PARAP-  -- - - - -  - 
G P4 1 LABEL 

JUPIP SAVE--- -- L_ 
C CRlD 1 LABEL 
P _ U _ R G E  A--3_46_- -3 ------___ J?.KLP 
EQUI V 4 LABEL 
CNKPNT- - -- -- - - - - - - - - PB r  PAR&__-^^^ 
C CND 2 LABEL 
GPSP _ - 2 - -- _ - - -- PR'IPAPB --_____- - -  ___- - 

OFF' 2 LABEL 
_2i&& - 2_--- -- - E N L -  

LABEL 2 
C t N D  - -- - - - - -- - - 

MGE l 3 
ChKPNx- - 3 _ - - - - - pp - - --- -- - - 
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3.4.4 Normal Mode Analysis 

Each eigenvalue i s  identified with a mode number determined by sorting the eigenvalues by 

the i r  magnitude. The following summary of the eigenval ues extracted i s  automatically printed: 

1. Mode Number 

2 .  Extraction Order 

3.  Ei genval ue 

4. Radian Frequency 

5. Cyclic Frequency 

6. General i zed Mass 

7. Generalized Stiffness 

The following summary of the ei genval ue analysis performed, using the Inverse Power method, 

i s  automatically printed: 

1 .  Number of eigenvalues extracted. 

2 .  Number of s tar t ing points used. 

3. Number of s tar t ing point moves. 

4. Number of triangular decompositions . 
5. Number of vector i terat ions.  

6. Reason for  termination. 

(1 ) Two consecutive singulari t i e s  encountered while performing triangular decomposition. 

( 2 )  Four s h i f t  points while tracking a single root. 

(3) All eigenvalues found in the frequency range specified. 

(4)  Three times the number of roots estimated in the frequency range have been extracted. 

(5)  All eigenvalues that  ex is t  in the problem have been found. 

(6) The number of roots desired have been found. 

(7) One or  more eigenvalues have been found outside the frequency range specified. 

(8) Insufficient time to find another root. 

( 9 )  Unable t o  converge 

7 .  Largest off-diagonal modal mass term and the number fai l ing the c r i t e r i a .  

The following summary o f  the eeigenvalue analysis performed, using the Determinant method, is 

automatical i y  printed: 
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Number of e i  genval ues extracted. 

Number of passes through s tar t ing points . 
Number of c r i t e r i a  changes. 

Number of s ta r t ing  point moves. 

Number of triangular decompositions. 

Number of fai 1 ures to  i t e ra te  t o  a root. 

Reason for  termination. 

(1) The number of roots desired have been found. 

(2) A1 1 predictions for  eigenval ues are outside the frequency range specified. 

(3) Insufficient time to  find another root. 

(4)  Matrix i s  singular a t  f i r s t  three s tar t ing points. 

Largest off-diagonal modal mass term and the number f a i l i ng  the criterion. 

Swept determinant function for  each s tar t ing point. 

The following summary of the eigenvalue analysis performed using the Givens method, i s  auto- 

mati cal ly  printed: 

1. Number of eigenval ues extracted. 

2. Number of e i  genvectors computed. 

3. Number of ei genval ue convergence fai  1 ures . 
4. Number of eigenvector convergence fai  lures. 

5. Reason for  termination. 

(1 ) Normal t e m i  nati on. 

( 2 )  Insuffi c ient  time to  calculate ei  genval ues and number of ei genvectors requested. 

(3) Insufficient time to find additional eigenvectors. 

6 .  Largest off-diagonal modal mass term and the number fa i l ing  the cr i ter ion.  

3.4.5 Case Control Deck and Parameters for  Normal Mode Analysis 

The following items re la te  t o  subcase definition and data selection for  Normal Modes: 

1 .  METHpD must be used t o  select  an EIGR card tha t  exis ts  in  the Bulk Data Deck. 

2. On r e s t a r t ,  the current EIGR card controls the eigenvalue extraction, regardless of what 

calculations were made in the previous execution. Consequently, when making res ta r t s  

with ei ther  the Determinant method o r  the Inverse Power method, METHOD should be changed 
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to select  an EIGR card that  avoids the extraction of previously found eigenvalues. This 

i s  particularly important following unscheduled ex i t s  due t o  insufficient time to find 

a l l  eigenvalues in the range of in te res t .  

3. An SPC s e t  must be selected unless the model i s  a f ree body or a l l  constraints are 

specified on GRID cards, Scalar Connection cards or with General Elements. 

4. Multiple subcases are used only to control output requests. A single subcase i s  suf- 

f ic ien t  i f  the same output i s  desired for  a l l  modes. If  multiple subcases are present, 

the output requests will be honored in succession for  increasing mode numbers. MPDES 

may be used to  repeat subcases in order to  make the same output request for  several 

consecutive modes. 

The following output may be requested for  Normal Mode Analysis: 

1 .  Eigenvectors along with the associated eigenvalue for  each mode. 

2. Nonzero components of the single-point forces of constraint for  selected modes a t  

selected gri d points. 

3. Forces and stresses in selected elements for  selected modes. 

4. Undeformed plot of the structural model and mode shapes for  selected modes. 

The following parameters are used in Normal Mode Analysis: 

GRDPNT - optional - a positive integer value of th i s  parameter will cause the Grid Point 1. - 

Weight Generator to  be executed and the resulting weight and balance information t o  be 

printed. 

2 .  WTMASS - optional - the terms of the mass matrix are mu1 t i p l i  ed by the real value of t h i s  

parameter when they are generated in SMA2. 

3. CPUPMASS - optional - a positive integer value of th i s  parameter will cause the generation 

of coupled mass matrices rather than lumped mass matrices for  a l l  bar elements, rod 

elements, and plate elements that  include bending s t i f fness  (see Section 3.1 for  l i s t  of 

elements 1. 



3.5 STATIC ANALYSIS WITH DIFFERENTIAL STIFFNESS 

3.5. I DMAP Sequence f o r  S t a t i c  Ana lys is  w i t h  D i f f e r e n t i a l  S t i f f n e s s  

RIGPD FORMAT 4 

N A S T R A N  S O U R C E  P R O G R A M  C O M P I L A T I O N  
DMAP-DMAP INSTRUCTION 

NQ o 

1 BEGIN NOe4 B I F F E R E N T E A L S T I F F N E S S A N A L Y S I S - S E R I E S L B  

2 FILE LBLL=TAPE/LLL=TAPE Si 

3 F I L E  QBG=AQPEND/UBGV=APPEND $ 

5 SAVE LUSETB 

6 CWKPNT GPLPEQEXIN~GPDPPCPVMVBGPB'~VSJL & 

8 CHKPNT ECT $ 

10 SAVE NSIbcJVMPPLOT '5 

12 CHKPNT PLTPARpGPSETStELSEVP B 

I4 SAVE PLTFLGpPFILE B 

$7 SAVE JUMPPLOTePLTFbGePFILE S 

18 PRTMSG PLOTXI//B 

19 LABEL P1B 

20 G E O M S ~ E Q E X I N ~ G E O M ~ / S L T P G P I T / C P N P ~ ~ ~ / V P N ~ M O G R A V C N  S 

21 SAVE NOGRAVB 

22 PARAM //C~NPAND/V~NVSKPMGG/VINDNQGRAV/VVYVGRDPNTS 

23 PURGE MGG/SKPMGGB 

24 CWKPNT SLTvGPPIvMGG $ 
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26 SAVE NBSIMPPNOGENLPGENEL B 

27 COND ERRORitNOSIMPB 

28 PURGE OGPST/GENEL $ 

29 CHKPNT ESTeECPTpFPCTaGEEtiQCPPT B 

30 C S ~ M ~ M P ~ ~ E C P ~ ~ G P C T ~ B P I / K G G X ~ ~ G P S T / V ~ N P N O G E N L / V N N O K ~ G G  B 

31 CWKPNT GPSTtKGGX B 

34 SAVE NONGGB 

35 CWKPNT MG6 I 

40 SAVE CARDNO B 

4 1  LABEL LBLP B 

43  CWKPNT KGG S 

44 COND LBLPlrNOGENL S 

46 CHKPNT KGG B 

49 LABEL LBbll $ 
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RIGID FORMAT BMAP LISTING 
SERIES L 

RIGID FORMAT 4 

N A S T R A N  S O U R C E :  P R O G R A M  C O M P I L , A T I O N  
BMAP-BMAP INSTRUCTION 

NO e 

50 SAVE MPCFLrMPCF2~SINGLE~OMITvREACTvNSKE:P~REPEATNOSETNOLNOA E 

5% COND ERRORSvNOL B 

52 PURGE GM/MPCF1/GOtKOOBvLO0tUOOpPO~UOOV~RUOV/OMIT/PSvKFS~KSSpQG/ 
SINGLE/UBOOV/OMIT/YBSPPBSIKRFS~KBSSIKDF§VKDSS/SINGL€ B 

53 EQUIV KGG,KNN/MPCFl B 

54 CHKPNT G M t R G ~ G O ~ K O O B ~ L 0 0 t U O O ~ P O ~ U O O V v R U O V ~ Y S ~ P S ~ K F § ~ K S S p U S E T ~ K N N ~  
UBOOVVYBSVPBS~KBFS~KBSSVKDFSVKDSSVQG % 

55 COND LBLYD e REACT % 

56 JUMP ERROR23 

59 LABEL LBLQD B 

58 COND LBLYBGENELS 

59 GPLtGPSTeUSETvSIL/OGPST $ 

60 OFP O G P $ T V V ~ P I / ~ V ~ N ~ C A R R N O  % 

61 SAVE CARDNO B 

62 LABEL LBL4 $ 

63 COND LBL2rMPCF2 B 

64 USETvRG/GM 3 

65 CHKPNT GM% 

67 CHKPNT KNNB 

68 LABEL LBL2 3 

69 EQUIV KNN,K&F/SINGLE B 

70 CHKPNT KFFB 

73 CHKPNT KFSpKSStKFFS 

74 LABEL bBL3 B 
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RIGID FORMAT OWAP LISTING 
SERIES L 

R2G%D FORMAT 4 

N A S T R A N  S O U R C E  P R O G R A M  C O M P I L A T I O N  
DMAP-DMAP IN5TRUCTION 
NO, 

76 CHKPNP KAAE 

74 COND LBL5rOMIT B 

79 CHKPNT G O V K A A I K O O B , L O Q Q U O ~ ~  

80 LABEL LBL5 $ 

81 KAA/LLLtULL B 

82 CWKPNT ULLvLLLB 

84 CWKPNT PG B 

85 EQUIV PGtPL/NOSETB 

84 CHKPNT PL B 

89 CHKPNT POvPSePL $ 

98 LABEL LBLlOS 

92 CHKPNT ULV,UOOVpRULV9RUOVS 

93 COND LBL9tlIRESS 

94 MATGPR GPLvUSETrSILeRUbV/#CvNvL O 

9 5  MATGPR GPLpUSET,SIL,RUOV//C,N18 O 

96 LABEL LBL9S 

98 CHKPNT UGVvQGePGG B 
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RIGID FORMAT OMAP LISTING 
SERIES L 

M A S T R A N  5 O U R C E  P R O G R A M  C O M P I L A T I O N  
DMAP-DMAP INSTRUCTION 

NO e 

1 0 1  SAVE CARDNO B 

1 0 3  C A S E C C ~ G P T T P S % ~ P E D T ~ U G V ~ C S T M I M P T ~ E C P T ~ G P C T D T / K D G /  VONP 
DSCOSETB 

1 0 4  SAVE DSCOSET B 

1 0 5  CHKPNT KDGG % 

1 0 3  CHKPNT KDNN $ 

1 0 8  COND LBb2DrMPCF2 B 

1 1 0  CHKPNT KDNN B 

111 LABEL LBb2D B 

112 EQUXV KDNNQKDFF/SINGLEB 

1 1 3  CHKPNT KQFF $ 

1 CONO LBL3B P SINGLE S 

116 CHKPNT KDFFtKDFSpKBSS $ 

1 1 9  LABEL LBL3Q B 

1 2 0  CQNQ LBL5DoOMIT B 

1 2 2  CHKPNT KQAA $ 

123 LABEL LRL5D B 

125 CHKPNT POLePBSaYBSpUW00V B 
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RIGID FORMAT DMAP LISTING 
SERIES L 

R IGID FORMAT 4 

N A S T R A N  S O U R C E  P R O G R A M  C O M P I L A T I O N  
DMAP-DMAP INSTRUCTION 

NO. 

127  JUMP DSLOOP I 

1 2 9  MPT , KIA,  KDAA , KFS , KDFS t KSS , KDSS v PL, PS v YS , UOOVIKBLL v KBFS v KBSS , 
PBLvPBS~YBS,UBOOV/V,N,NDSKIP/ VvN,REPEATD/ VvNvDSCOSETI 

130  SAVE NDSKIPvREPEATD 3 

1 3 1  CHKPNT KBLL~KBFS~KBSSPPBL,PBSPYBS~UBOOV 3 

132  KBLLILBLL, UBLLIV rN9 POWER/V I N, DET I 

133 SAVE DETpPOWER S 

134  CHKPNT LBLLeUBLL O 

135  PRTPARM //CVNVO/C~NIDET B 

1 3 6  PRTPARM //C,N,O/CvNvPOWER O 

138  CHKPNT UBLV,RUBLVI 

139  COND L B L ~ D I I R E S I  

140  MATGPR GPLVUSETVSIL~RUBLV//CIN~LS 

1 4 1  LABEL LBL9DO 

1 4 2  @ USET , , UBLV , UBOOV, YBS I GO r GM I PBS , KBFS , KBSS I IUBGV v r QBG/V, N e NDSKIP/ 
C,N,DSlB 

143  CHKPNT UBGVeQBG O 

145  REPT DSLOOPr1008 

146  JUMP ERROR38 

147  LABEL LBL8D 3 

148  CHKPNT CSTM S 

149  CASECC~CSTM~MPTIDIT~EQEXIN,SIL,GPTT~EDT~BGPDTP~QBG~UBGV~EST~/ e 
O Q B G ~ ~ O U B G V I ~ O E S B ~ P O E F B ~ ~ P U B G V ~ / C I N ~ D S ~  S 

150 OFP O U B G V L ~ O Q B G 1 ~ O E F B 1 r O E ~ S B l v v / / V v N ~ C A R D N O  B 

151 SAVE CARDNO B 
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RIGID FORMAT OMAP LISTING 
SERIES L 

RIGID FORMAT 4 

N A S T R A N  S O U R C E  P R O G R A M  C O M P I L A T I O N  
DMAP-DMAP INSTRUCTION 

NO. 

1 5 2  COND P2tJUMPPLOT 8 

1 5 4  PRTMSG PLOTX2// B 

1 5 5  LABEL P2  8 

1 5 6  JUMP F I N I S $  

1 5 7  LABEL ERRORlB 

1 5 8  PRTPARM / /CPNP-~/CPNVDTFFSTIFB 

1 5 9  LABEL ERROR28 

160  PRTPARM //CpN,-2/C,N,DIFFSTIF$ 

161 LABEL ERROR38 

1 6 2  PRTPARM / / C P N V - ~ / C P N V D I F F S T I F S  

163  LABEL ERROR48 

1 6 4  PRTPARM //CVN~-~/CINIDIFFSTXF$ 

165  LABEL ERROR5 $ 

1 6 6  PRTPARM //CPNP-S/CINIDIFFSTIF B 

167  LABEL F I N I S $  

1 6 8  END $ 
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3.5.2 Description of DMAP Operations f o r  S t a t i c  A n a l y ~ i s  V ~ I  L/I Dlr'ferential _.iffness 

4. GPl generates coordinate system transforination matrices,  tables  of gr id  point loca t ions ,  and 
tables  f o r  r e l a t ing  in ternal  and external  g r id  point  numbers, 

7. GP2 generates Element Connection Table wi  t h  in teroal  i ndi ces . 
9. PLTSET transforms user input i n t o  a form used to  drive s t ruc tu re  p l o t t e r .  

11 . PRTMSG pr in t s  e r ro r  messages associated with s t ruc tu re  p l o t t e r .  

15. Go to  MAP No. 19 i f  no undeformed s t ruc tu re  p l o t  request .  

16 .  PI-@T generates a l l  requested undeformed s t ruc tu re  p lo t s .  

18. PRTMSG pr in t s  p l o t t e r  da ta  and engineering data  f o r  each irndeformed p l o t  generated. 

20. GP3 generates S t a t i c  Loads Table and Grid Point Temperature Table. 

25. TA1 generates element tables  f o r  use in  matrix assembly and s t r e s s  recovery 

27. Go to  DMAP No. 157 and p r i n t  e r r o r  message i f  no s t ruc tu ra l  elements. 

30. SMAl generates s t i f f n e s s  matrix [K' ] and Grid Point Singular i ty  Table. 
9 9 

32. Go t o  MAP No. 41 i f  no gravi ty  loads and no weight and balance request  

33. SMA2 generates mass matrix [M 1. 
gg 

36. Go t o  DMAP No. 41 i f  no weight and balance request .  

37. Go t o  DMAP No. 163 and p r in t  e r r o r  message i f  no mass matrix e x i s t s  

38. GPWG generates weight and balance informati on 

39. PFP formats weight and balance information and places i t  on the  system output f i l e  f o r  
p r in t ing .  

42. Equivalence [K' ] t o  [ K  1 i f  no general elements. 
99 99 

44. Go t o  DMAP No. 47 i f  no general elements. 

45. SMA3 adds general elements t o  [K' 1 t o  obtain s t i f f n e s s  matrix [ K  1 9 9 YS . 
49. GP4 generates f lags  defining members of various displacement s e t s  (USET) , forms mu1 t i  point  

cons t r a in t  equations [ R  ] ( u  1 = 0 and forms enforced displacement vector C Y S ) .  
9 9 

51. Go t o  MAP No. 165 and p r i n t  e r r o r  message i f  no independent degrees of freedom a r e  
defined. 

53. Equivalence [K ] t o  [ K n n ]  i f  no mulitpoint  cons t r a in t s .  
49 

55. Go t o  DMAP No. 57 i f  no free-body supports supplied.  

56. Go to  DMAP No. 159 and p r i n t  e r r o r  message i f  free-body supports are  present.  

58. Go t o  DMAP No. 62 i f  general elements present.  

59. GPSP determines i f  possible g r id  point s ingular?  t i e s  remain. 

60. @FP formats t ab le  of possible gr id  point s i n g u l a r i t i e s  and places i t  on the system out- 
put f i l e  f o r  pr in t ing.  
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63. Go t o  DMAP No. 68 i f  MCEI and MCE2 have already been executed f o r  current s e t  of multipoint 
constraints . 

64. MCEl parti  Lions multipoint constra int  equations [R 1 = [R, 1 Rn] and solves fo r  multipoint 
9 

constra int  transformati on matrix [G,] = -[Rm]- [Rn]. 

66. MCE2 par t i t ions  s t i f f n e s s  matrix 

and performs matrix reduction 
T T [ K n n l  = [inn] + [Gml[Kmnl + [Kmnl[Gml + Z~~I [$ , , I [G~I .  

69. Equivalence [Knn]  t o  [ K f f ]  i f  no single-point constra ints .  

71. Go t o  DMAP No. 74 i f  no single-point constra ints .  

72. SCE par t i t ions  out single-point constraints.  

75. Equivalence [ K f f ]  t o  [ K ~ ~ ]  i f  no omitted coordinates. 

77. Go t o  OMAP No. 80 i f  no omi t t e d  coordinates. 

78. SMPl par t i t ions  constrained s t i f f n e s s  matrix 

L I - J  

solves for  trans f o m a t i  on matrix [Go] = - [ K ~ ~ ] - ~ [ K ~ ~ ]  
and performs matrix reduction [Kaa] = [Eaa] + [K:~][G~].  

81. RMBG2 decomposes constrained s t i f f n e s s  matrix [Kt&] = [LRE][URR] 

83. SSGl generates s t a t i c  load vectors {P 1. 
9 

85. Equivalence {P 1 t o  IPtl i f  no constraints applied. 
9 

87. Go t o  DMAP No. 90 i f  no constraints applied. 
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08. SSG2 applies const ra in ts  t o  s t a t i c  load vectors 

91. SSG3 solves fo r  displacements of independent coordinates 

solves for  displacements of omi t t e d  coordi nates 

ca lcula tes  residual vector (RULV) and residual vector e r r o r  r a t i o  f o r  independent coordin- 
a t e s  

and c a l c ~ l l a t e s  residual vector (RUgV) and residual vector e r r o r  r a t i o  For omitted coordi n- 
a t e s  

T {uol{6Pol 
E - - - 
0 T o '  {PoI{uol 

93. Go t o  MAP No. 96 i f  residual vectors a re  not to  be printed.  

94. P r in t  residual vector f o r  independent coordinates (RULV). 

95. P r in t  residual vector fo r  omitted coordinates (RUgV) . 
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93. SDRl recovers dependent displacements 

0 {u0j = [Go]{uRl + {uo1 , 

and recovers s i  ngle-poi n t  forces of const ra int  

99. SDR2 calcula tes  element forces and s t r e s ses  (PES1, 0EF1) and prepares load vectors ,  d i s -  
placement vectors and sing1 e-point forces of const ra int  f o r  output (pGP1, pUGV1, PUGVI , 
0QG1). 

100. 0FP formats tables  prepared by SDR2 and places them on the  system out.put f i l e  f o r  pr in t ing.  

d 103. DSMGl generates d i f f e r e n t i a l  s t i f f n e s s  matrix [ K  1 . 
99 

d d 106. Equivalence [ K  ] t o  [Knn]  i f  no multipoint  const ra ints .  
99 

108. Go t o  DMAP No. 111 i f  no multipoint  const ra ints .  

109. MCE2 par t i t ions  d i f fe ren t i a l  s t i f f n e s s  matrix 

d T d T d and performs matrix reduction [KG] = [iKd,,] + [Gm][Km,] + [K&][G,] + [Gm][l(l,m][Gm]a 

d d 11 2. Equivalence [ K n n ]  t o  [ K f f ]  if no single-point cons t ra in t s ,  

114. Go t o  CMAP No. 117 i f  no single-point const ra ints .  

! 15, SCEl pa r t i t ions  out single-poi n t  const ra ints  

d d 
118, Equivalence [ K f f 3  t o  [Kaa]  i f  no omitted coordinates. 

120. Go t o  MvlAP No, 123 i f  no omitted coordinates. 
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2 SMP2 parti tions constrained differential s t i f fness  matrix 

d d and perfoms matrix reduction [K,,] = [1(:,3 + [Kao][Go]. 

b b b ob 
124. Equivalence {P,) to  {PQI, {PSI t o  {PSI, {YsI to  {YsI and (uzl t o  {uo 1 i f  no scale f ictors 

are specified on a DSFACT card. 

127. Go to  next NAP instruction i f  cold s t a r t  or modified res ta r t .  DSLBOP will be altered by 
the executive System to the proper location inside the loop for  unmodified restar ts  within 
the loop. 

128. Beginning of loop for  additional di fferenti a1 s t i f fness  scale factors.  

129. DSMG2 adds partit ions of s t i f fness  matrix to similar partit ions of differential s t i f fness  
matrix 

b d CK,,3 = Waal + B[K,,I , 

b d [Kfsl = [Kfsj + B[KfS1 and 

and mu1 t i p l i e s  partit ions of load vectors and displacement vectors by current value of 
different ial  s t i f fness  scale factor (8) 

b {Y,} = B(YsI and 
ob 0 

{uo 1 = BCuo} . 
131. RMBG2 decomposes the combined differential s t i f fness  matrix and e las t ic  s t i f fness  matrix. 

b b b  CK,,1 = [L,,ICU,,l. 

135. PRTPARM prints the scaled value of the determinant of the combined differential s t i f fness  
matrix and e las t ic  s t i f fness  matrix. 

136. PRTPARM pririts the scale factor (power of ten) of the determinant of the combined differen- 
t i a l  s t i f fness  matrix and the e l a s t i c  s t i f fness  matrix. 

137. SSG3 solves for displacements of independent coordinates for  current value of different ial  
s t i f fness  scale factor (8)  

and calculates residual vector ( R B U L V )  and residual vector error rat io for current value of 
differential s t i f fness  load factor 
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139. Go t o  MAP No. 141 i f  residual vector f o r  current  value of d i f fe ren t i a l  s t i f f n e s s  load fac to r  
i s  not t o  be printed.  

140. P r in t  residual vector fo r  current value of d i f f e r e n t i a l  s t i f f n e s s  load fac to r .  

142. SDRl recovers dependent displacements f o r  current  value of d i f fe ren t i  a1 s t i f f n e s s  scale  
f ac to r  

and recovers single-point forces of cons t ra in t  f o r  current  value of di f f e r e n t i  a1 s t i f f n e s s  
scale  f ac to r  

144. Go t o  DMAP No. 147 i f  a l l  d i f f e ren t i a l  s t i f f n e s s  scale  factors  have been processed. 

145. Go t o  DMAP No. 128 if addit ional d i f f e r e n t i a l  s t i f f n e s s  scale  factors  need to  be processed. 

146. Go t o  DMAP No. 161 i f  number of d i f f e r e n t i a l  s t i f f n e s s  scale  factors  exceeds 100. 

149. SDR2 calcula tes  element forces and s t r e s ses  (DEFB1, PESB1) and prepares load vectors,  
displacement vectors and single-point forces of const ra int  f o r  output (DUBGVl, PUBGV1, gQBG1) 
fo r  a l l  d i f f e r e n t i a l  s t i f f n e s s  sca le  f ac to r s .  

150. OFP formats tables  prepared by SDR2 and places them on the system output f i l e  f o r  pr in t ing.  

152. Go t o  DMAP No. 155 i f  no deformed s t ruc tu re  plots  are  requested. 

153. PLflT generates a l l  requested deformed s t ruc tu re  p lo t s .  

154. PRTMSG pr ints  p l o t t e r  data and engineering data f o r  each deformed plot  generated. 

156. Go t o  DMAP No. 167 and make normal exi t. 

158. STATIC ANALYSIS WITH DIFFERENTIAL STIFFNESS ERRe)R MESSAGE N0. 1 - Ne) STRUCTURAL ELEMENTS 
HAVE BEEN DEFINED. 

160. STATIC ANALYSIS WITH DIFFERENTIAL STIFFNESS ERRBR MESSAGE Ne). 2 - FREE BDDY-SUPPflRCS NOT 
ALLPWED. 

162. STATIC ANALYSIS WITH DIFFERENTIAL STIFFNESS ERROR MESSAGE N@. 3 - ATTEMPT T@ EXECUTE MgRE 
THAN 100 L@@PS. 
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164. STATIC ANALYSIS WITH DIFFERENTIAL STIFFNESS ERRgR MESSAGE. N@. 4 - MASS MATRIX REQUIRED FgR 
WEIGHT AND BALANCE CALCULATIgNS. 

165. STATIC ANALYSIS WITH DIFFERENTIAL STIFFNESS ERRgR MESSAGE N@. 5 - N@ INDEPENDENT DEGREES @F 
FREEDgM HAVE BEEN DEFINED, 
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3.5.3.1 B i t  P o s i t i o n s  f o r  C a r d  Name R e s t a r t  T a b l e  

C a r d  Name 

AX I C 
CELAS 1 
CELAS2 
CELAS3 
CELAS4 
CMASSl 
CMASS2 
CMASS3 
CMASS4 
CPRD1 C 
CPRDl R 
CORD1 S 
CgRD2C 
C@ RD2 R 
CPRD2S 
GRDSET 
G R I D  
P @ I  NTAX 
R I  NGAX 
SECTAX 
SEQGP 
SPflINT 
BAR@ R 
BEAMPR 
CBAR 
CBEAM 
CCflNEAX 
C@NRgD 
CQDMEM 
CQ DP L T  
CQUAD 1 
CQUAD2 
CRgD 
CSHEAR 
CTgRDRG 
CTRAPRG 
CTRBSC 
C T R I A l  
CTRI  A 2  
CTRIARG 
CTRMEM 
CTRPLT 
CTUBE 
CTWIST 

B i t  P o s .  

1 
1 
9 
1 
1 
1 
1 
1 
1 
1 
1 
1 

C a r d  Name 

PBAR 
PBEAM 
PCPNEAX 
PQDMEM 
PQDPLT 
PQUADl 
PQUAD2 
PRPD 
PSHEAR 
PTPRDRG 
PTRBSC 
P T R I A l  
P T R I A 2  
PTRMEM 
PTRPLT 
PTUBE 
PTWIST 
GENEL 
CPNMl 
CPNM2 
PELAS 
PMASS 
MAT1 
MAT2 
MAT 3 
MATT 1 
MATT2 
MATT 3 
TABLEMI 
TABLEM2 
TABLEM3 
TABLEM4 
TEMPMT$ 
TEMPMX$ 
MPC 
MPCADD 
MP CAX 
MPC$ 
SPC 
SPCl  
SPCADD 
SPCAX 
SPC$ 
P M I T  

B i t  Pos .  

3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
4 
5 
5 
6 
7 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
9 
9 
9 
9 

1 0  
10 
10 
1 0  
1 0  
1 1  

C a r d  Name 

@ M I T I  
PMITAX 
SUP AX 
SUP@RT 
TEMP 
TEMPAX 
TEMPD 
WTMASS 
GRDPNT 
PLPTEL 
IRES 
PLPT$ 
P@UT$ 
LPPP$ 
LPPIP1$ 
CPUPMASS 
DSFACT 
DSCB$ 
DEF@RM 
DEF@RM$ 
LPAD$ 
RF@RCE$ 
FPRCE 
FPRCEl 
FPRCE2 
F@ RCEAX 
LPAD 
M@MAX 
MPMENT 
MPMENTl 
MPMENT2 
PLPAD 
PLPADl  
PLPAD2 
PRESAX 
RFPRCE 
SLBAD 
GRAV 
TEMPLD$ 

B i t  P o s .  

11 
11 
1 2  
1 2  
1 3  
1 3  
13 
1 4  
1 5  
1 6  
1 7  
18 
1 9  
2 2  
2 3 
2 4  
58 
58 
59 
59 
5 9  
5 9 
6 0  
6 0  
6 0  
6 0  
6 0  
6 0  
6 0  
6 0 
6 0  
6 0  
6 0  
6 0  
6 0  
6 0  
6 0  
6 1  
6 2 
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3.5.3.2 B i t  Pos i t ions  f o r  File Name Restar t  Table 

F i l e  Name 

BGPBT 
CSTM 
EQEX I N 
GPDT 
GP L 
SIL 
ECT 
GPTT 
SLT 
E CPT 
EST 
GEI 
GP CT 
GPST 
KGGX 
MGG 
KGG 
RG 
USET 
YS 
0GPST 
GM 
KN N 
KFF 
KFS 
KS S 
G0 
KAA 
Kt?J@B 
L08 
uaa 
LLL 
ULL 
PG 
PL 
PO 
PS 
RULV 
RU0V 
ULV 
UOOV 
PGG 
QG 
UGV 
DEFT 
OESl 

B i t  Pos . 
94 
94 
94 
94 
94 
94 
9 5 
96 
96 
97 
97 
9 7 
97 
98 
9 8 
99 

100 
101 
101 
101 
102 
103 
104 
105 
105 
105 
106 
106 
106 
106 
106 
107 
107 
108 
109 
109 
109 
110 
110 
11 0 
11 0 
111 
11 1 
111 
112 
112 

F i l e  Name 

@PG 1 
0QG 1 
@UGVl 
PUGVl 
KDGG 
KDNN 
KDFF 
KDFS 
KDSS 
KDAA 
KBLL 
KBFS 
KBSS 
PBL 
PBS 
UBWV 
YBS 
LBLL 
UBLL 
UBLV 
RUBLV 
QBG 
UBGV 
PEFBl 
PESBl 
BQBGl 
$UBGVl 
PUBGV1 

B i t  Pos . 
112 
112 
112 
11 2 
113 
114 
11 5 
11 5 
115 
11 6 
11 7 
11 7 
11 7 
117 
117 
11 7 
117 
118 
118 
11 9 
11 9 
120 
120 
121 
121 
121 
121 
121 
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3 .5 .3 .3  Card Name Restart Table 

- 

DMAP Bit Position 
10 .... 2 .... Inst. . 1 - - - - - --- 30 . 40 56 60 - .  ---- 

B E G I N  - 123456789012345-6789. -234 - 

F I L E  1234567890123456789 234 
F I L E  _ 1.234567890223456789 234 89C 12 
G P l  1 
SNK. . ...... a_- .. - . .................. .. .- . . . . . . . . . . . . . . . . . . . . . . . . . . .  - 
CHKPRT 1 
GP2 12. .45 . . . . . . . . .  .6 -__. ..... . . . . . . . .  ....................... --- 

CHKPNT 12 45 6 
8 _PCT S.ET . . .  .. ..... .- .. --- ----. ... - -- ..... ... . . . . . . . .  

SAVE 8 
. .eR JMSG - 8. .-.- .--. .. ------__-.- 

CHKPNT 8 
SETVA~L, _. .. 8 _ .  -- ... _ _.  .. -. .- ...... 
SAVE 8 

8 CCMP._ . . . . . . . . . . .  . . . . . . . . . . . . .  - .  

PLOT 8 
s AVE.. _ ................. - - s ...... ...-............... - -  . . .  -. -.-..-... -- 
PHTMSG 8 
LABEL - 8 . _  . - - - - 

G P3 12 3 C 1 
SAVE 12 _ 3 - - .  C l  - - - 

PARAP 12 3 5 C 1 
. e U!!.G_L 12-__- .... _. ................. .- ..L 
CHKPNT 12 3 C 1 
J A12 --I, 23427 ... - .... ._ _ . -. ... .- . . .  ._ . . . .  . _ .. . - 

SAVE 1234567 
C CW .... 1234 56 T8 ._ ._ ... _- _. _. . __ ._. ... _ . _ . . . . . .  . .  . _ . .-__ 

PURGE 1234567 
CttK_EiT 1.?.335.6_L _.. . - 
S MA 1 123 6 8 
CHKPN.1 . 123 6 0 . -- - -- . . - _ - - - -  A 

C CNO 123 5 78 4 5 4 1 
SPA2 123 5 78 4 - - 4 - - 1 .  
SAVE 123  5 78 4 4 L 
CHKPNT - 123-5 78 - -  9- 4 _ - _  _ _--- - - -  - 1 
C CND 123 5 78 4 5 
CCNU 173 5 78 45- - --- - -- 
GPWG 123 5 78 4 5 
OFP 123 5 78 4 2  - _ -- . _ - -__ - - - _ - - - - - - - -- -- - 
SAVE 123 5 78 4 5 
LABEL _ 123 5 7 8  -45- .. 4 . . .  - . .  1 - _ _ _- . -- 
EQUIY 123 6 8 
CHKPNT 123 6 8 - - 

CljND 1234 6 8 
S MA3 1234 6 8 - 

CHKPNT 1234 6 8 
LABEL- 1234 6 8 - - - _ - - - - - - - -- -- - - 
PARAP 1 90 1 
G P4 1 90 1 
SAVE 1 90 1 
C CND 1 90 1 
PURGE 1 90 1 
E Q U I U  - 1 2 3 k 6  89 - - - - - - - --- - - - - - - - -- - - --- ----- - 
CHKPhT 1 gi 

C CND 1 2 
JbPP 1 2 
L A B t L  1 2 



R I G 1  D FORMATS 

-. . - - - 

- -- - - -  - -  . - - - -  

M A P  Bit Position 
10 2Q---2__401;o_- --Be_-.. 

C QMD 123 5 8 Q --- 

GPSP 123 6 8 Q 
OFP 123 6 8 L--- - ___- - -  ---  -- - -- -- 
SAVE 123 6 8 63 
LABEL 123 6 8 Q ----.- -- 
CONQ 1234 6 89 
MCE P 1 9 - .--- - .-- -- 

CHKPNT 1 9 
MCE2 1234 6 89 -- - - - - -- - - - -- - - - -- 
CHKPNT 1234 6 89 
LABEL 1234 6 86 - . - - - - - - 
EQUI V 1234 6 899 
CHKPNT 1 2 3  6 890 - -- -- - - -- - 
C OND 1234 (r 090 
SCE 1 11234 a 890 -- - - - - - - - -- -- -- - -- 
CHKPNT 1234 6 890 
LABE 8.. %233 6 890 -- -. a ----- -- 
E9UI V 1 2 3 4  6 8981 
CHKPNT 113L t 8901 -- - - -- A --- - - - 
C CND 1234  b 8901 
SMP1 1234 6 8901 -- - --- - -- - -- -- -- - 
CHKPNT 1234 6 89QL 
LABEL -- 123ti 6 8901 - -- 
RBMGZ 1234 6 8901 
C~Kf'NT 1234  6 890L - - 

S S G l  123 5678 9012 
CHKPNT 123 5678 -- -- - - -- -_- - -9C1-2 
EQUI V 123 5678961 9012 
CHKPNT 123 567890% __-d--- 
C OND 123 5678901 9012 
S SG2 123 5678201 -- 9C 1 2 _ - -  -- .- -- -- - . - - - - 
CHKPNT 123 5678901 9612 

1 n _ ~ ~ - - n 2 ~ ~ a s o r  -- - - - _ - _ _  _ - 9 U 2  
SSG3 9012 
CHKPNT 
COND 9C 12 
MATGPR 12345678901 7 - 9 C l L -  
MATGPR 12345678901 7 9412 
LABEL 12345670901 7 - - 2 2 -  
SQR l 12345678901 9C12 
CHKPNT - 

+--a- _ _ 8 u  -- 
SDR2 9 
OFP 9 -- - - - - - - - - - - - - - 
SAVE 9 
CHKPNT -- 9 -- -- - - -- - ---- 
D SMG 1 123456789Ql 89C12 
SAVE 12345670901 -- _Bm2.- --" - 
CHKPNT 12345678901 96112 

E C u I L  12345678901 - _  - _ 9 U 2  --- 
CHKPNT 12345678901 9012 

-- CCND_ - -_ 12345618961 
9G12 
4 C 2  

12345678901 9C12 
E 4 U I  V- - 123456789a -- - - - - -- _ - _ _ 9LL2 
CWKPNT L2345678901 2 
CONO - a2345678901 2 



STATIC ANALYSIS WlTti DIFFERENTIA!_ STIFFNESS 

-_ - - - - - - - - - - - - - --- - -- - - -  - - -  - -- - 

DMAP B i t  Position 
Inst .  -- - 1 -- Lo - ?o -- 30 _ 40 50 T?Q --- 

%23+564_@01 C E L  -_ - -- - - -- - ---- -- - - - - - - - st112 - -- 
CHKPNT 12345678901 9GHZ 
LABEL 12345678901. -- _ _- -- - - -- - - 9CE2 --- -- - - -- -- - 

E O U I Q  123456789C1 PC12 
D K P h T  12345678Q01 -- - -- - - - - - 

C CND 12365678901 Z 
SUP2 k234 56713951--- - _ _ _ _ _ - -  _ _ _  _-- _ 8612, __-- - 
CHKPNT H2345648901 9C 12 

12345678901 9 C h L P .  .U~EL _---___- - _ ___ - - - _ _- - - _ _- - 
E Q U I  V 12345678901 23 89aF 12 

13 CHKPNT - 12345698901 2 3  
PARAM 12345678901 2 3  8 
JUMP 2 3  -- _ _  _ _  .___ --___ _______-- -_ -___------ -- - - 
Z SS 1 3  
LAtlE L --- - - -- 23 - -- - - - - - - -- -- -- -. - 

D SMG 2 1234567890 1 2 3 89CB2 
2 3 S A _ V _ L - - 1 2 3 4 5 6 7 8 9 0 1 - _ _ _ _ _ - - - - - - - -  -- ____-- -- -__- 89012 --- 

CtiKPhlV 12345678901 2 3 89012 
- RHMG-2 - L23!,567_83Q1- - _ 21 _ _ - - _ _  - _- - - - - 8%U-2 - - 
S A V E  12345678901 23 89C12 
C HK PA% I- 1Z145h7901 - 2% - - - -&3C - -- 
PRTPARC 23 890 1.2 

. l R T  PaaPr_.- L 
SSGS 2 3 
CMKPNT k2345678901. - -- --23 ___-_ - - -____ - -  
C CND 12345678961 3 2 3 
M n T G E ' f L 1 2 3 4 5 6 B B Q k  -2 - 2 3  - _  _____-- --- 
LABEL 12345678981 9 2 3 

_sow ---- 1 2 3 4 5 b J  f!%LL--_ - --a__ - ----- - 
C H K P P l l  12345678901 2 3 

_6 DBD - - - - __ - __ - - 23- - - -- - - - - - - - - - -- - ---- 
$ 5 5  1 3  
R_EP T . - _ - -- - - - - - - 2 ------ 3 - - -- - - - - - 
Ji SS P. 3 

_a_kM_P-- a- - - .- -- - --_A - - -- - ---- _- - -- 
% SS L 3 

2 3 ~ ~ e a  _ -  -- - -- -- -____ -- 
S SS 1 3  

9 _CHB8(PNsL --- - -_ -__- - - -  - - -. - - _ -- 
SO82 89 

. F P  -- -- --_ - -  9-- -- " - - _ . -- --- -_ ---- 
SAVE 9 
CCNU - _ _ - - --- f3 - - -- - - -  - - - 

PLOT £I 

-p RT!-SF_-- -- __ - -  - -  - 8 -- - - -- - - - - - - - -- - -- - 
LABEL 8 

123456 ?82_C12?4_56989_ _ 234 _- _ - _-_ - - _- _-  -- - - BiLLi--- JUMP- a - - -- -- 
LABEL 1234567890123456789 2 3 4  89C12 
PRTPeWM 123456709L123456789 234 - - --- sue%a__ 
L A B E L  L23456789P123456789 7 3 4  89r117 
PRTPAKIVI- 1234567890123456789 L ~ A  89CI%d 
LABEL ~~34567890123456789 - 4 : € 9 ~ 3  2 
% SS - 3 3 -  - -- --- - -. -- - - - -- - - -- - - 
PRTPARM 12 34549890123456989 234  
SSS - 1 3  - -  - - 

LABEC 12345%989@123456789 234 
P R T P A R R  123456389C123456789 234 



RIGID FORMATS 

- - - - - - - - - - -- 
DMAP Bit Position 

t. 1 10 74 - 30 - 40 50 -.-60~.-- 

LABEL 1234567890323456789 234 -- 89012 
PRTPARH 3234567890123456789 234 89012 
LABEL - 1234567890L234567-89 234 ~ ~ - -  
END 1234567890123456789 234 89012 



STATIC ANALYSIS WITH DIFFERENTIAL STIFFNESS 

3.5.3.4 R i g i d  F o r m a t  Change R e s k i r t  Tab le  - - - - - - - - - 

- _  .-- - -- -- 
OM AP B i  t Pos i t i o n  BMAP - - - B i t  P o s i t i o T - - -  -- - - -  

53 70 80 63 70 80 LE tL - -- I ! !  - - -- 

M G I  N_ . -34_5_7_119CL234 - __ - - _. C ON0 - - __ - __--_ - .- -_-_- -_- 
F I L E  3 4 5  7 8 9 C 1 2 3 4  GPSP 
F I L E  3 4 5  7 8 9 C 1 2 3 4  _ OF!? - -_- - . .- - 

S-A v E 

I A R F l  -- _- - -  C!?Kf'hI ---- - --A_- 

vrd C ON0 
SAVE _ .  _ - _ - S 1 _ _ -- _- _ -- 
PARAP CHKPKT . . . . . . . 
PURGE -.!&!B-E_L l..l...l.l.l..l.l.l.l.l.l.l.l..l. -. -- .-- - - - ---- - 
CHKPFlT WBMG2 
A ~ _-_C_HKh?.--~ -. . 

SAVE: S SG 1 
3 4 5  789GL23CI _-dt-IK-!-r\iT ~ ._-p---.---...--.---.----.. CGND _ .- - - - - 

PURGE EQUIV 
LHI!i(i(P.&L- ._ l-ll_--....-....- _ !&!!pl\i 1 _- - ---... ,. 

SPA1 C ONn 
CHI(PN_T _. -. . _  _. SSG? . .  _ -- . . . - - 

C CND CHKPNT 
_.siaa - . . . ~- ..---.-L-A~c!- .. 

SAVE SSG3 4 
CHKPNT ._C_IiK_S.U . .. __ 4 --- 

C END CCND 4 5  8 9 C 1 2 3 4  
MATGPR _c CW .- ~.- 4 5  89CL234 

G PkG MATGPK 4 5  89Cl.234 
nFP LABEL 4 5  8 9 6 1 2 3 4  . - - -. - -_ _ __ - - -  

S U K l  
~... . -- 

S A V F  

b U I X U  SAVE 
SPA3 - - - - C HK P&T - - _  
CHKPPtT DSWGl 
LABE4 -_ _ --- -_- - _- - -  _ --- - - SAVE - --- -- -- . -- 
PARAP CNKPNT 
G P4 -EGUIV 
SAVF CHKPNT 
CLND 345 9 6 1 2 3 4  - C GND _ -- _ _  _- - 
PURGF MCE2 

-- 
C HK P N T 
L CND 345 9C1234 - - - - -- - -- - - - - 

J L C P  345  9CL234 
LABE h 345 9 6 1 2 3 4  - -- CCND - - - - _ - -- - - _ - 



RIGID FORMATS 

w- -- 
B i t  Posit ion 

I n s t .  63 70 80 

SGE 1  -- 
CHKPNT 
L ABE L 
EQUI V 
CHKPNT 
C OND 
SMP2 
CHKPDJT 
LABEL - 

EQUI V 
CHKPNT 
PARAM 
JUHP 
LABEL 
DSHG2 -- 
SAVE 
CHKPNT 
RBMG2 
SAVE 
CHKPNT 
PRTPARM 
PRTPARM 
S SG3 
CHKPNT 
C OND 
MATGPR 
LABEL 
SOR1 345 7 8 9 0 1 2 3 4  
CHKPNT 345 7 8 9 0 1 2 3 4  
C CND 345 7 8 9 0 1 2 3 4  
REPT 345  7 8 9 0 1 2 3 4  
JUMP 345 7 8 9 0 1 2 3 4  - - - -  

LABEL 345 98961234  
CHKPNT 
SORZ 
OFP 

PLOT 
PRTMSG 
LABEL -- 
JUMP 345 7 8 9 0 1 2 3 4  
LABEL 345 789C1234 - 
PRTPARM 345 7 8 9 0 1 2 3 4  - - -  

LABEL -- 345 789031234_  
PRTPARM 345 7 8 9 6 1 2 3 4  
LABEL 345 789C1234  
PRTPARM 345 7 8 9 0 1 2 3 4  
LABEL 34 5 3 9 C L 2 3 4 - - _  
PRTPARH 345 7 8 9 0 1 2 3 4  
LABEL 345 7 8 9 6 1 2 3 4  -- 
PRTPARM 345 789C1234 

345 789C1234 LABEL - -  
E NO 345 789C1234 



STATIC ANALYSIS WITH DIFFERENTIAL STIFFNESS 

3.5.3.5 F i l e  Na-me R e s t a r t  Tab le  - - -- 

I)mB- 
- - -- -- - 

- B i t  P o s i t i o n  FP[AV-- B i t  P o s i t i o n  
I n s t .  94 100 110 --________ 120 I n s t .  94 100 110 120 

BEG1 N -____- _ -  -- C ON0 2 
F i L E  GPSP 2 
F I L E  - - - - -- - - -- - - - - - - - - - - -- - - OFP -- 2 
GP1 4 SAVE 2 
SAVE 4 LABEL 2 -.-------.-.-.. - -  
CHKPNT 4 C OND 3 4 
G ti--- - - - - 5 - MCE 1 -- 3 
CHKPNT 5 CHKPNT 3 
PLTSET MCE2 4 
SAVE CHKPNT 4 
PRTMSG LABEL 34 
CHKPNT EQUIV 5 
- SETVAL - CHKPNT 5 

SAVE C OND 5 
C ON0 - -- - SCE 1 5 
PLOT CHKPNT 5 
SAVE --- LABEL 5 
PRTMSG EQUI V 6 
LABEL - CHKPNT 6 
G p 3  6 c a ~ o  6 

6 s 4  V-E--- - S P P l  6 
PARAP 6 CHKPNT 6 

6 LABEL 6 PURGE 
CHKPNT 6 RBMGZ 7 
T A1 t 7 CHKPNT 7 
SAVE 7 SSGl 8 
CCND 8 7 9 CHKPNT 
PURGE 7 2 EQUI V 9 
CHKPNT 9 -- 7 CHKPNT 
SMAl 8 C OND 9 
CHKPNT - 8 S SG2 9 
C CND 9 CHKPNT 9 
SMA2 9 -- LABEL 9 - 
SAVE 9 SSG3 0 
CHKPNT 9 L H K P N T  0 
C CND CCND 
C ON0 - MATGPR 
GPWG MATGPR 
OFP -- LABEL 
SAVE SDR1 1 

U f b - 7 9  CHKPNT 1 
EQUI V 0 SORZ 2 
LHKf NT 0 -- OFP 
CGND 0 SAVE 
SHA3 0 CHKPMT - 2 
CHKPNT C D SMG B 3 
LABFL 0 SAVE - 3 
PARAM L CHKPNB 3 
G P4 I EQUI V 4 - 
S AVf 1 CHKPNT 4 
C S N D -  1 C END -- 4 ____ 
PURGE 1 3 5 6  901 5 7  HCE2 4 
E Q U I  v 4 CHKPNT 4 
CHKPNl LABEL 4 
C aND-- _- _ _ - ________ - E Q U r V  -_____-- 5 -- 

JUMP C HKP N I  5 
LABEL -- - C CMD - - -  - 5 



RIGID FORMATS 

.- 

DMAP B i t  P o s i t i o n  - 

I n s t .  94 100 - 1 9 L  -_---.E2!2- 

SCE l 5 -- 
CHKPNT 5 
L A B E L  -- - -- 5 - 
E-cu I \I 6 
CHKPNT - - 6 
C CND 6 
S MP2 -- 6 ---- - - - - 
CHKPNT 6 
LABEL - 6 -- 

EQUIV 7 
CHKPNT 7 
PARAM 7 
JUMP -- 

LABEL 
DSMGZ 7 - - - 

SAVE 7 
CHKPNT - --- 7 
RBMG2 8 
SAVE -- - 8 
CHKPNT 8 
PRTPARM -- 8 
PRTPARM 8 
S SG3 9 
CHKPNT 9 

coruR.-.- 
MATG PR 
LABEL 
SORl  0 
CHKPNT 0 
C ON0 
REPT 
JUMP 
LABEL 
CHKPMT 

OFP 
SAVE 
C OM0 
PLOT 
PRTMSG 

JUMP 
LABEL 
PRTPARM 
LABEL - 

PRTPARM 

PRTPARM 
LABEL 
PRTPARM 
LABEL 
PRTPARN 



STATIC ANALYSIS 'N'1.Fi-i D I  FFERLNTIAL ST1 FFii i iSS 

far  Stat ic  A Pi ffcrenti a1 St-i r"i"ns~ --- 

The value of the determinant of the s ~ m  of the e l a s t i c  s t i f fness  and the differential s t i f f -  

:less i s  automati early prin bed for each di fferen"p, ial st i ffness  1oad.i ng candi tiarc, 

The following i tems relate  to  subcase definition and data selection for S ta t ic  Analysis with 

Cifferential Stiffness : 

1. The Case Control Deck must contain a t  l eas t  two subcases. Other than DSCBEFFXCIENT in 

the secanci subcase, a l l  subcases are used or19y for  output selection. 

2. BSCPEFFICIEIIIS m u s t  appear i n  the second subcase, e i ther  to  select  a DSFACT s e t  from the 

Bulk Data Deck, or i;s explicitly select the default  ba'iue o f  unity* 

3 .  A s t a t i c  'loading condition must be def.ined above the subcase 'level with a LBAD, 

TEMPERATURE(L@AD), or l lEF@wl selec.c.ion, r~nless a l l  loading i s  specified by grrf ad paint dis- 

placements on SPC cards. 

4, An SPC s e t  must be selected above the subcase level un9ess a77 constraints are specified 

on GRID cards. 

5. Output requests that  apply only to the li13ear coli i t ion meis& appear i n  the f i r s t  subcase. 

6. Output requests that  apply o n l y  t e  ti-re sniutiur7 '.*+ t h  differential stiffrsess must be 

placed in the second and succeeding ;ubcases. If only two subcases ex fs t ,  the output 

requests in the second subcase &.ii 3 %  be honored fov a1 :: differential s f i  ffness luzding 

conditions . 

7. O u t p u t  requests that  apply t o  a71 solutions, both w i th  and w l t h ~ u t  different ial  s t i f f -  

ness may be placed above the subcase level. 

The following output ma.y be requested for S ta t ic  Analysis w i t h  Diffei-ntial Stfffness: 

1. Nonzero Components of the applied s t a t i c  Toad for  the linear solution a t  selected grid 

points . 
2. Displacement and nonzero components s f  the single-point. forces of constraint,  with and 

without di fferenti a1 s t i f fness  , a t  selected grid points. 

3.  Forces and stresses in selected elements, with and without differential s t i f fness .  



RIG1 D FORMATS 

4.  Undefornied and deformed plots of the structural   nod el. 

The following parameters dre used in S ta t ic  Analysis with Differential Stiffness: 

1. GRDPNT- - optional - a positive integer value of this  parameter wi 11 cause the Grid Point 

Weight Generator to  be executed and the 1-rsulting weight and balance information t o  be 

printed. 

2 .  WTMASS - optional - the terms of the mass matrix are mu1 t i p l i ed  by the real value of th i s  

parameter when they are generated in SMA2. 

3. IRES - optional - a positive integer value of th i s  parameter wi 11 cause the printing of 

the residual vectors following the execution of SSG3, 

4. CgUPMASS - optional - a positsve integer value of th i s  parameter will cause the generation 

of coupled mass matrices rather than I umped mass matrices for  a l l  bar elements, rod 

elements, and plate elements that  include bending s t i f fness  (see Section 3.1 for  l i s t  of 

elements ) . 



3 . 6  BUCKLING ANALYSIS 

RIGID  FORMAT 5 

N A S T R A N  S O U R C E  P R O G R A M  C O M P I L A T I O N  
DMAP-DMAP INSTRUCTION 

NO. 

1 BEGZN NO15 BUCKLING ANALYSIS - SERIES L 6 

2 FILE LLLzTAQE 9j 

4 SAVE LUSEIB 

5 CHKPNT GPL~EQEXIN,GPDT~CSTMDBGPDTISI~ O 

7 CHKPNT ECT O 

8 PLTSET P C D B ~ E Q E X ~ N , E C T / P L T S E T X , P L T P A R ~ G P S E T S P E L E T / V L /  V ~ N V  
JUMPPLOT ?i 

9 SAVE NSILIJUMPPLOV B 

10 PRTMSG PLTSETX//B 

11 CHKPNT PLTPARtGPSETStELSETS 3 

13 SAVE PbTFbGpPFILE B 

1 6  SAVE JUMPPLOVvPLTFbGePFXbE $ 

17 PRTMSG PLOTXI/ /$ 

20 SAVE N86RAVS 

2% PARAM P P C ~ N , A N D ~ V ~ N ~ S K P M G G ~ V ~ N ~ N Q G R A V / V ~ Y ~ G R D P N T ~  

22 PURGE MGGgSKPMGGP 

23  CHKPMT SLI,GPPOeMGG B 



RIGID FORMATS 

R I G I D  FQRMAT DMAQ LISTING 
SERIES L 

N A S T R A N  S O U R C E  P R O G R A M  C Q M P I L A T I O N  
DMAP-DMAP INSTRUCTION 

NO, 

25 SAVE NOSIMPtNBGENbtGENEL B 

26 COND ERROR1pNOSIMPS 

27 PURGE OGPST/GENEL$ 

28 CHKPNT EST~ECPTPGPCTPGEIPOGPST B 

30 CHKPNT GPSTpKGGX S 

31 CON0 LBL1,SKPMGGB 

33 SAVE NOMGGB 

34 CHKPNT MGG $ 

36 COND LBLIoGRDPNTD 

38 OFP OGPWG~~P~P/ /V ,N ,CARDNO B 

39 SAVE CARDNO '5 

4Q LABEL L B L I  $ 

42 CHKPNT KGG O 

43 COND LBLIleNOGENL B 

45 CHKPNT KGG $ 

46 LABEL L B h l l  $ 

49 SAVE M B ~ & b p M P C F 2 ~ S % N G L E ~ Q M ~ T ~ R E A C T e N S K I P p R E P E A T S E T N L t N A  I 



RIGID FORMAT 
SERIES L 

DMAP 

BUCKLING ANALYSIS 

RIGID FORMAT 5 

N A S T R A N  S O U R C E  P R O G R A M  C O M P I L A T I O N  
DMAP-QMAP INSTRUCTEON 
NO * 

50 COND ERROR6rNOA B 

52 PURGE GM/MPCF~/GO~KOOB~L~OPUOOIPOIUOOV~RUOV/OMIT/PS~KFS~KSS/S~NGLE~ 
QG/NOSRS 

53 EQUIV KGGtKNN/MPCFi B 

54 CHKPNT G M P R G ~ G O ~ K O O B ~ L ~ ~ ~ U O O ~ P O ~ U O O V ~ R U O V V Y S ~ P S K F K S S U € T Q G K N N  9 

56 JUMP ERROR28 

57 LABEL LBLYD B 

58 COND LBLYrGENELS 

59 GPb,GPSTpU§ETeSIL/OGPST % 

6 0  OFP O G P S T ~ V P ~ ~ / / V ~ N V C A R Q N O  O 

61 SAVE CARDNO B 

62 LABEL LBL4 B 

6 3  COND bBb2rMPCF2 B 

64 USE?PRG/GM '5 

6 5  CHKPNT GMB 

66 US E T P G M P K G G V Q ~ / K N N P H  '5 

69 CHKPNT KNNS 

68 LABEL LBb2 'S 

69 EQUIV MNN,K%F/SINGLE B 

70 CHKPNT KFFS 

75 COND LBLSpSINGLE 'S 

9 2 USEV,KNNV~P/KFFIKFSFKSSP~~ B 

7% CHKPNT KFSqKSSpKFFB 

74 LABEL LBLS B 



RIGID FORMATS 

R l G l B  FORMAT DMAP L I S T I N G  
SERIES b 

RfGIO FORMAT 5 

N A S T R A N  S O U R C E  P R O G R A M  C O M P I L A ~ I O N  
DMAP-DMAP INSTRUCTION 

NO, 

76 CHKPNT KAAB 

77 COND LBL5vOMIT B 

79 CHKPNT GO~KAAIKOOB~LOOVUOO~ 

80 LABEL LfY-5 B 

82 CHKPNT ULLpLLLB 

84 CHKPNT PG B 

86 CHKPNT PL O 

87 CQND LBLIOVNOSETB 

8 9  CHKPNT POpPStPL 8 

90 LABEL LBLlOO 

9 2  CHKPNT ULVIUOOVVRULVPRUOV~ 

93 COND L B L 9 t f R E S I  

9 5  MATGPR GPLpUSEVpSIL~RUOV//CeNvO B 

96 LABEL LBL9B 

100 CHKPNT PUGVt O 



BUCKLING ANALYSIS 

RIGID FORMAT DMAP L ISTING 
SERIES L 

R IGID FORMAT 5 

N A S T R A N  S O U R C E  P R O G R A M  C O M P I L A T I O N  
DMAP-DMAP INSTRUCTION 

NO, 

101 OFP O U G V ~ V O P G ~ ~ O Q G ~ O O E F ~ I O E S ~ ~ / / V ~ N ~ C A R D N O  $ 

102 SAVE CARDNO S 

103 @& CASECC v GPTT t SIL,  EDT, UGV P CSTMvMPTvECPT, GPCT PDIT/KDGG/ V vN, 
DSCOSETS 

104 CHKPNT KOGG 3 

105  EQUIV KDGGeKONN/MPCF2S 

106 CHKPNT KDNN 3 

107 CQND LBL2DvMPCF2 S 

109 CHKPNT KDNN 3 

110 LABEL LBL2D 3 

111 EQUIV KDNNvKOFF/SINGLEI 

112 CHKPNT KDFF 3 

113 COND LBL3DtSINGLE 3 

1 1 4 m  USETPKDNN,PP/KDFF,KDFS,KDSS,,~ I 

115 CHKPNT KDFFpKDFSvKDSS I 

116 LABEL LBL3D O 

117 EQUIV KDFFvKDAA/OMIT 3 

118 CHKPNT KDAA 3 

119 COND LBLSDoOMIT S 

120 USET~GOPKDFF/KDAAS 

121 CHKPNT KOAA 3 

122 LABEL LBLSD S 

123 ADD K D A A ~ / K D A A M / C ~ N ~ ( ~ ~ ~ O ~ O ~ O ) / C ~ N ~ ( O ~ O ~ O ~ O ~  $ 

124 CHKPNT KDAAM B 



RIGID FORMATS 

R I G I D  FORMAT DMWP LISTING 
SERIES L 

RIGID FORMAT 5 

N A S T R A N  S O U R C E  P R O G R G M  C O M P I L A T I O N  
DMAP-DMAP INSTRUCTION 

NQ o 

126  SAVE NOEED 5 

127  COND ERROR3rNOEEDB 

128  CWKPNT EED $ 

130 SAVE NEIGV 6 

1 3 1  CHKPNT LAMAvPHZAPOEIGS 6 

132  OFP OEIGSPLAMAIPPI//VVNPCARDNO $ 

133  SAVE CARDNO $6 

134  CONB ERROR4pNEIGV B 

135  U S E T P ~ P H I A P , P G O ~ G M ~ , K F S ~ I / P H I G , , B Q G / C ~ N I / C N B K L  B 

136  CWKPNT PHIGtBQG $ 

138 QFP O P H I G ~ O B Q G ~ , O B E F ~ ~ O B E S ~ P ~ / / V ~ N ~ C A R D N O  B 

139 SAVE CARDNO $ 

142 PRTMSG PLOPX%// B 

143  LABEL. P2 '5 

144 JUMP F I N I S $  

145  LABEL. ERRORIS 

1 4 6  PRTPARM //CPN~P~/C~NIBUCKLING$ 

1 4 4  LABEL ERROR28 

148 PRTPARM //CPND-%PCPNIBUCKL~NGB 

149 LABEL ERROR38 

158 PRTPARM //CvMt-9/CaNtBUCKLINGB 
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RIGID FORMAT DMAP LISTING 
SER 1 ES b 

RIGID FORMAT 5 

N A S T R A N  S O U R C E  P R O G R A M  C O M P I L A T I O N  
DMAP-DMAP INSTRUCTION 
NO, 

151 LABEL ERRORYB 

152 PWTPARM //C,Nv-4/CtN,BUCKLINGB 

153 LABEL ERROR58 

154 PWTPARM //C,Nv-~/CIN~BUCKLINGB 

155 LABEL ERROR6 B 

156 PRTPARM //CtN,-6/CvNeBUCKLING 9 

157 LABEL FINIS$ 

158 END I 
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3.6 -2 Description of DMAP Operations for  Buckling Analysis 

GPY generates coordinate system transformation matrices , tables of grid point locat ions ,  
and tables for  re la t ing internal and external grid point numbers. 

GP2 generates Element Connection Table wi t h  internal indices . 
PLTSET transforms user input in to  a form used t o  drive s t ructure  p lo t t e r .  

PRTMSG prints  e r ro r  messages associated with s t ructure  p lo t t e r .  

Go t o  DMAP No. 18 i f  no undeformed s t ructure  plot  request. 

P U T  generates a1 1 requested undeformed s t ructure  plots . 
PRTMSG prints  p l o t t e r  data and engineering data fo r  each undeformed plot  generated. 

GP3 generates S t a t i c  Loads Table and Grid Point Temperature Table. 

PA1 generates element tables  fo r  use in  matrix assembly and s t r e s s  recovery. 

Go t o  DMAP No. 145 and p r in t  error  message i f  no s t ructural  elements. 

SMAl generates s t i f f n e s s  matrix [ K X  ] and Grid Point Singularity Table. 
99 

Go t o  DMAP No. 40 i f  no gravity loads and no weight and balance request. 

SMA2 generates mass matrix [M I. 
gg 

Go t o  MAP No. 153 and pr-int error  message i f  no mass matrix ex i s t s .  

Go t o  MAP No. 40 i f  no weight and balance request. 

GPWG generates weight and balance informati on. 

@FP formats weight and balance information and places i t  on the system output f i l e  fo r  
printing. 

Equivalence [KX ] t o  [ K  ] i f  no general elements. 
g '9 

Go t o  MAP No. 46 i f  no general elements. 

SMA3 adds general elements t o  [ K X  1 t o  obtain s t i f f n e s s  matrix [ K  1. 
99 99 

GP4 generates f l ags  defining members of various displacement se ts  (USET) , forms mu1 t i  point 
constra int  equations [R ]{ti 1 = 0 and fo rm enforced displacement vector { Y s l .  

9 9 
Go t o  DMAP No. 155 and p r in t  error  message i f  no independent degrees of freedom are  defined. 

Equivalence [ K  1 t o  [K,,] i f  no multipoint constra ints .  
99 

Go t o  MAP No. 57 i f  no free-body supports supplied. 

56. Go t o  MAP No. 147 and p r in t  e r ro r  message i f  free-body supports are  present. 

58. Go t o  DMAP No. 62 i f  general elements present. 

59. GPSP determines i f  possible grid point s i  ngulari t i  es remain. 

60. PFP formats table  of possible grid point s ingu la r i t i e s  and places i t  on the system output 
f i l e  for  printing. 
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6 3 .  Go t o  DMAP No. 68 i f  MCEl and MCE2 have already been executed for  current s e t  of multi- 
point cons t r a i n t s  . 

64. MCEl par t i t ions  multipoint constra int  equations [R 1 = [Rm Rn] and solves for  multi- 
9 

point constra int  transformation matrix [Gm] = -[Rm]-' [Rn] . 
66. MCE2 par t i t ions  s t i f f n e s s  matrix - - 

and performs matrix reduction 

69. Equivalence [Knn] t o  [ K f f ]  i f  no single-point constra ints .  

71. Go t o  DMAP No. 74 i f  no single-point constra ints .  

72. SCEl par t i t ions  out single-point constraints - - 

Dnn1 = [;:+:I. 
75. Equivalence [ K f f ]  t o  [Kaa] i f  no omitted coordinates. 

77. Go t o  MAP No. 80 i f  no omitted coordinates. 

78. SMPl parti  t i  ons constrained s t i f f n e s s  matrix 

solves for  transformation matrix [Go] = -[Ko0]-'[KOa] 

T and performs matrix reduction [Kaa] = [kaa] t [Koa][Go]. 

81. RBMG2 decomposes constrained s t i f f n e s s  matrix [Kaa]  = [Laa][Uaa]. 

83. SSGl generates s t a t i c  load vectors (P 1. 
9 

85. Equivalence (P 1 t o  { P a l  i f  no constraints applied. 
9 

87. Go t o  DMAP No. 90 i f  no constraints applied. 
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88. SSG2 applies constraints t o  s t a t i c  load vectors 

91. SSG3 solves for  displacements of independent xoordinates 

solves f o r  displacements of omitted coordinates 

calculates residual vector (RULV) and residual vector e r ro r  r a t i o  for  independent cosrdi nates 

T iu,){SPel 

= i~;){u,) 

and calculates residual vector (RU$V) and residual vector e r ro r  r a t i o  fo r  omitted coordinates 

93. Go t o  DMAP No. 96 i f  residual vectors are  not t o  be printed. 

94. P r in t  residua1 vector for  independent coordinates (RULV) 

95. Pr int  residual vector for  omitted coordinates (RUBV) . 
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97. SDKl recovers dependent displacements 
,-. 

{uol = [GolCuRl  f {U;}, 

and recovers single-point forces of constra int  
T {q,} = -{PSI + [Kfs]{uf} + [KSs]{Ys}. 

99. SDR2 calculates element forces and s t resses  (DES1, gEF1) and prepares load vectors,  d i s -  
placement vectors and single-point forces of constra int  fo r  output (flPG1, flUGV1, PUGV1, 
DQGl). 

101. DFP formats tables  prepared by SDR2 and places them on the system output f i l e  fo r  printing. 
d 103. DSMGl generates d i f fe ren t i a l  s t i f f n e s s  matrix [K 1. 
gg 

d d 105. Equivalence [ K  ] t o  [Knn]  i f  no mu1 t i  point constra ints .  
g g 

107. Go t o  DMAP No. 110 i f  no mulitpoint constra ints .  

108. MCE2, par t i  t i  ons d i f fe ren t i  a1 s t i f f n e s s  matrix 

d T d d T d and performs matrix reduction [Knnl = [id,,] + CGmIIKmnl + [%nllGml + [Gml[Kml[Gml. 

d d 111. Equivalence [ K n n ]  t o  [ K f f ]  i f  no single-point constraints 

113. Go t o  MviAP No. 113 i f  no single-point constra ints .  

114. SCEl pa r t i t ions  out single-point constraints 

d d 117. Equivalence [Kffl to  [Kaa]  i f  no omitted coordinates. 

919. Go t o  DVAP No. '122 i f  no omitted coordinates. 
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SMP2 parti  Lions constrained different ial  s t i f fness  matrix 

d -d d and performs matrix reduction [Kaa] = [Kaa] + [Kao][G0]. 

DPD extracts Eigenval ue Extraction Data from Dynamics data block. 

Go t o  DMAP No. 149 and print  e r ror  message i f  no Eigenvalue Extraction Data. 

READ extracts real eigenvalues from the equation 
d 

CKQR + x K ~ ~ I { u ~ I  = 0 

and normalizes eigenvectors according t o  one of the following user requests : 
1)  Unit value of selected coordinate 
2) Unit value of largest  component 

0FP formats eigenvalues and summary of eigenvalue extraction information and places them 
on the system output f i l e  for  printing. 

Go to  DMAP No. 151 and print  error  message i f  no eigenvalues found. 

SDRl recovers dependent components of the eigenvectors 

T and recovers single point forces of constraint {qsI = [Kfs]{+fI. 

SDR2 calculates element forces and s tresses  (pBES1, flBEF1) and prepares eigenvectors and 
single-point forces of constraint for  output (flBQG1, IdPHIG, PPHIG) . 

138. 0FP formats tables prepared by SDR2 and places them on the system output f i l e  for printing. 

140. Go t o  DMAP No. 143 i f  no deformed structure ,plots  are  requested. 

141. PLPT generates a l l  requested deformed structure plots.  

142. PRTMSG prints plot ter  data and engineering data for  each deformed plot generated. 

144. Go to  DMAP No. 157 and make normal exi t. 

146. BUCKLING ANALYSTS ERRPR MESSAGE Ng. 1 - Ng STRUCTURAL ELEMENTS HAVE BEEN DEFINED. 
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148. BUCKLING ANALYSIS ERRP)R MESSAGE NP). 2 - FREE BP)DY-SUPPP)RTS NP)T ALLPWED. 

1 5 0 .  BUCKLING ANALYSIS ERRflR MESSAGE NP). 3 - EIGENVALUE EXTRACTION DATA REQUIRED FP)R REAL EIGEN- 
VALUE ANALYSIS. 

1 5 2 .  BUCKLING ANALYSIS ERRP)R MESSAGE NP). 4 - NP) EIGENVALUES FflUND. 

1 5 4 .  BUCKLING ANALYSIS ERRflR MESSAGE N0. 5 - MASS MATRIX REQUIRED FP)R WEIGHT AND BALANCE CALCULA- 
TIONS. 

1 5 6 .  BUCKLING ANALYSIS ERRflR MESSAGE Nfl. 6 - Nfl INDEPENDENT DEGREES fJF FREEDflM HAVE BEEN DEFINED. 
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3 , 6 . 3  R e s t a r t  T a b l e s  f o r  B u c k l i n g  A n a l y s i s  

3 .6 .3 .1  B i t  P o s i t i o n s  f o r  C a r d  Name R e s t a r t  T a b l e .  

C a r d  Name 

A X I C  
CELAS 7 
CELASZ 
CELAS3 
CELAS4 
CMASSl 
CMASSZ 
CMAS S 3 
CMASS4 
CgRDl C 
CgRD1 R 
CPRDlS 
CgRD2C 
CgRD2R 
CflRD2S 
GRDSET 
GRID 
P g  INTAX 
RINGAX 
SECTAX 
SEQGP 
SPgINT 
BARgR 
BEAMgR 
CBAR 
CBEAM 
CCgNEAX 
CgNRPD 
CQ DM EM 
CQDP L T  
CQUAD 1 
CQUAD2 
CRgD 
CSHEAR 
CTgRDRG 
CTRAPRG 
CTRBSC 
C T R I A l  
CTRIAZ 
CTRI ARG 
CTRMEM 
CTRPLT 
CT UB E 
CTWI ST 

B i t  Pos . C a r d  Name 

PBAR 
PBEAM 
PCgNEAX 
PQDMEM 
PQDPLT 
PQUAD 1 
PQUAD2 
PRgD 
PSHEAR 
PTPRDRG 
PTRBSC 
P T R I A l  
PTRIA2  
PTRMEM 
PTRPLT 
PTUBE 
PTWIST 
GENEL 
CPNM1 
CgNM2 
P E LAS 
PMASS 
MAT 1 
MAT 2 
MAT 3 
MATT 1 
MATT 2 
MATT3 
TABLEMl 
TABLEM2 
TABLEM3 
TABLEM4 
TEMPMT$ 
TEMPMX$ 
MP C 
MP CAD D 
MPCAX 
MPC$ 
SPC 
SPC1 
SPCADD 
SPCAX 
SPC$ 
g M I T  

B i t  P o s .  

3 

C a r d  Name 

OMIT1 
$?JM !TAX 
SUPAX 
SUPgRT 
TEMP 
TEMPAX 
TEMPD 
WTMASS 
GRDPNT 
PLgTEL 
IRES 
PLBT$ 
P@UT$ 
CPUPMASS 
GRAV 
TEMPLD$ 
DEFBRM 
DEFPRM$ 
LPAD$ 
RFgRCE$ 
FPRCE 
FgRCEI 
FPRCE2 
FPRCEAX 
LPAD 
M@MAX 
MBMENT 
MPMENTl 
MBMENT2 
PLPAD 
PLPAD1 
PLoAD2 
PRESAX 
RFPRCE 
SLPAD 
ETGB 
METH@D$ 

B i t  Pos . 
1 1  
1 1  
7 2 
1 2  
1 3  
1 3  
1 3  
14 
1 5  
16 
1 7  
1 8  
1 9  
2 4  
5 7 
5 8 
5 9  
59 
5 9 
5 9  
6 0  
6 0  
6 0  
6 0  
6 0  
6 0  
6 0  
6 0  
6 0 
6 0  
6 0  
6 0  
6 0  
6 0 
6 0  
6 1 
6 2 
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3.6.3.2 B i t  Pos i t ions  f o r  F i l e  Name Restar t  Table 

F i l e  Name 

BG P DT 
CSTM 
EQEX I N 
GPDT 
GPL 
SIL 
ECT 
GPTT 
S LT 
ECPT 
EST 
GE I 
GPCT 
GPST 
KGGX 
MGG 
KGG 
RG 
USET 
YS 
gGPST 
GM 
KN N 
KFF 
KFS 
KSS 
G0 
KAA 
KfwB 
L0@ 
U0B 
LLL 
ULL 
PG 
PL 
PB 
PS 
RULV 
RU0V 
ULV 
U0PV 

B i t  Pos . 
94 
94 
94 
9 4 
94 
94 
95 
96 
96 
97 
97 
97 
9 7 
98 
98 
99 

100 
101 
101 
101 
102 
103 
104 
105 
105 
105 
106 
106 
106 
106 
106 
107 
107 
108 
109 
109 
109 
110 
110 
110 
110 

F i l e  Name 

PGG 
QG 
UG V 
BEFl 
BES1 
0PGl 
BQG 1 

UGVl 
PUGVl 
KDGG 
KDNN 
KDFF 
KDFS 
KDSS 
KDAA 
EED 
EQDYN 
GPLD 
SILD 
USETD 
LAMA 
BEIGS 
PHIA 
QG 
PHIG 
PBEFl 
gBESl 
gBQG1 
BPHIG 
PPHIG 
KD A AM 

B i t  Pos. 

111 
111 
111 
11 2 
11 2 
112 
112 
112 
11 2 
113 
114 
115 
115 
115 
11 6 
117 
117 
11 7 
117 
117 
118 
11 8 
11 8 
119 
119 
120 
120 
120 
120 
120 
121 
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3,6.3.3 Card Na-me Restart T a b l e  _ 

DMAP Bi t  pisition 
-I&-- 1&__ 2Q- _ - - . 2 0  _ -_ -4Q- _ __ 58 _-- _ - _ 60. -._ _ -- 

1234567890123_4567s9_ . . -.4 - -BEGIk ---- - _  - - 789012 
F I L E  1234567890123456709 4 789012 
GP1 - 1 - - 

SAVE 1 
CHKPlvT 1 -- -- - -- - --- . -- - - -- - - - - -- -- - _ - 
G P2 12 45 6 
CHKPNT _ 12 45 _ - _ _ -_h. _ 
PLTSET 8 
s AYE - - -- - - -- 8 - - _ - _ _ - - - - 
PRTMSG 0 

8 CHKPhT--_ - - - .- - _ - - -  - --- - --- -- - - 
SETVAL 8 
s A V r  -_ _ _ _ _  - - 8 -- - -- - .- - - - - - - - - - -. - -- _ .  - - - 

C ONO 8 
PLOT - - - - - - - 8 -. . . .- _ - - - 
SAVE 8 

8 PKTW_SG - - -- - -- ----- -_ -_ -_ - - - - - - - - A  - . -. - - 
LABEL 8 
G P3 12 _ -3 _ - 7 C 
SAVE 12 3 7 C 
PARAP- - 1 2  _ - 3 - -. - - - - 7 C - 

PURGt  12 3 7 C 
3 C&&-P_N-? 1_2--- _ - _  -- _-- - - - 7- -3 -- -- _- -- 

T A l  r 1234567 
SAVE _- - - -_- - - L L 3 4 r a 7 - -  - ---- - - -- _ _ - . - - - - - -  

C CND 12345678 
PURGE ---123_456L _ _ - - - - - _ - - ---- - -.- -- - _ 
CHKPNT 1234567 

_-SE"n_l-_ --_ltL-A-A - . _- . - - - -  -- - - 
CHKPhiT 123 6 8 

-CGND - -  - 1 2 3  5 78 - -45-  _ -  --4 ---- - - 7 -- 
SPA2 123 5 78 4 4 7 
SAVE. - 123 5 7 8  - -- 4_ -  - - 4 7 
CtiKPNT 123 5 78 4 4 7 
c CN-D _ -IL 2.5 -I a 3 5 - - _ - __ _ -  - _- _ - - _ - A - - - - -- 
C CND 123 5 78 4 5 
GPWG- - 123 5 7-8 - 4 5- - - 
OFP 123 5 78 45 

S A V E  - - 123 5 78- -45 - - f t  -- - - 

LABEL 123 5 78 4 5 7 
F G U I  V .- 1 2 2  - 6 8 - -  - 
CHKPNT 123 6 8 
C GND 1234 b 8 
SMAj  1234 6 8 
CHKPNT 1234 6 8 
LABEL 1234 6 8 
PARAC 1 -  - 9C1 - - 
G P4 1 9 0 1  
SAVE 1 90 1 
C CNU 1 90 1 
PARAV 1 90 1 
PURGE 1 9C 1 
EL;UI V 1 2 3 4  6 69 - -. 
CHKPEvT 1 9 
C ChO 1 2 
JLMP I 2 
LABEL 1 2 
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- - 
DMAF n 
I11st. ----___---l L!Q-- --g -- - 40 - - 50 60- -- 

C CND - -~&L-!_eC - - _-- --. - - - - 
GPSP 123 6 8 0 
OFP 123 - 4  8 Ct -- - - - - - - - - - - 

SAVE 123 6 8 0 
LABEL --_12_L .6 -8. !L ---.. . - - -- - - .. - - --- 
C CRID 1234 6 89 

- HCJE 1- -- 1 Cd 
C H K P ~ V T  1 9 
MCEZ -- - - 1234 - -- 4 _ - 
CHKPNT 1234 6 89 
LABf L - 1234 6 89 - -- - --- -- - - - 
EQUI V 1234 6 890 
C H K P N X - -  3 2 3 4  3 8 9 0 -  _ . -- - - - ---- 
C CND 1234 6 890 

1234 6 890 . -  _ SCEl -- 
C W K P N T  1234 6 890 
LABEL 1234 -- -- 5 -- 890 ---- - - - --- - -- -- - -- - - -- - - - -. - - -- -- 
EQUI V 1234 6 8901 
CHKPNT 123% 6 8981_-- _ - ---- 
C CND 1234 6 89irl 

1234 6 %90l --_ - - S H P 1 - _  _ - _ -- -- - --.- - 

CHKPNT 1234 6 8901 
LABEL 1234 L824.L _ A _ _ A  - - - - - - - 
RBMGZ 1234 6 8901 
CHKPNI  - 1b2_143-.@01 
SSGl  123 5678 7890 
CHKPNT - - 123 5678 - -- - -- - -- - - -- -- -- 7896 
EQUI V 123 5678901 799Q 

_cwll?-!E-- _ 1 2 3 5  b3___9 0 2  - - - - - _ - - 7)39r? - 
C CND 123 5678901 789C 

123 5678981-- - - S S  2 -- - - -_ - - - -  - -  7892 
CHKPNT 123 5678901 78913 

7893': 
7 R9C 

CtiKPNT 1 2 3 4 5 m 9 0 1  . - -. - _. -- _ _ _  - _ . -7.8 92 - _-- - - -- 
C OND 12 34567 8901 7 7 891: 
MATGPR --- 7 .?x!Zz!8%1 - -- _ - - - _ -- - - - 789;  - 
MATGPR 12345678901 7 7890 
LABEL 1 23k5675%!1-_ - - _- _ _ - - _ _ _- - - 789C -- -- - 7 
SDR 1 12345678901 78912 
CHKPN 1 -  123456Eq9-L - _ _ 1_ - - __ -- 7 89C 
S D R Z  9 
OHK_PNL - -  
OFP 

_ _ - _ _ . - 4 
DSWG 1 12345678901 - - -  789? 

C H K P P i T -  -2_L?_456 73-Yq_I - _-_ - 7 8 9 ~  
E Q U I  '4 12345678901 7 R 9 C  

- ZHKPNT 12345678901_ - _- 7891; 
c a ~ o -  ~ ~ 3 4 5 6 7 e 9 0 1  7 0 9 ~  
MCEZ 12_345678901 _ 7891: 
C H K P N T  12345678901 709C 

_LLBBE_L _- . - -1 2% 569 05LQl- _- -- _ - _ - 789i  
E G U I  V 12345678901 709C 
CHKPNT 12345678901 789s 
C C N D  2234567P90 I. 7890 
SGE I. 12345678901 789C 



RIGID FORMATS 

Bit  Posi t ion  
- Inzt:. _ - - -! - - 10 2 0 -  _ -  - 30 40 

c n K p n r  -- 12345678901- _ _ -  789C 
LABEL 123456789Cl 7890 
E Q U I V  - 123456-78901 7899 
CHKPNT 12345678901 789C 

-UNP__ - - - 1234267 89!21_ - -  _ - - 789G - - 
SPP2 12345678901 7890 
CHKPNT - _ 11345678901 _- _ 709G 
LABEL 12345678901 789C 
A OD - -- 12145-67890k - 7899 
CHKPNT 12345678901 7890 

-4 P_D_- -- ...-. 11 34268_91- -_ -_ .. ........ - _ -. - . . . . .  _ 7 Q 9 U  
SAVE 123456789Cl 789C1 
CrjNl, _ - 423456L85!0l__- -_ _ _ - - - - - -  - - 789C1 _- -_ - -_. 

CHKPhT 12345678901 78961 
READ 12345678901 789C12 - 

SAVE 12345678901 789C12 
CHKPNT 1_%3456789Ql_ _ _ 789C12 
OFP 12345678901 789012 
S A V E  12345678901 789012 
c GNU 12345678901 789~12 
SDR 1 123.43678901. - - 789012 
CHKPNT 12345670901 789012 
s QR 2L - - . - - 3 L  . - -- - - - < - - - - - - _ A - - - - - - --- - - - 

OFP 9 
SAVE- __- - - _ -- -- -- -- 9- -- - -- - - - - - - 

C CNO 8 
8 PC0 T-_ - - _ - -_ -_ - -- - - - - - -  

PRTMSG 8 
- L n m  L -- - -_ - - _ --8- -- *_ .._ -- --- . _ . - - - - - - - - - - _ - - - -- 

JbMP 1234567890123456789 4 789GlZ 
LABEL- - 1_234547890123s4_789_- - 4 - _ _ _. _-  789012 - - 
PRTPARM 1234567893123456789 4 789012 
LABEL 123456789Q123456789 _ 4 789i12 
PRTPARM 1234567890123456789 4 789C12 
LABEL 12345_6789_t'l23456789 - - 4 _ _ _  _ 789512 -- 
P R T P A R M  1234567898123456789 4 789012 
LABEL 123456789012345678Y_ - 4  709012 
PRTPARM 1234567890123456789 4 789612 

1234_567~90121456_7_R_9_ - 4  _ _ _ _ _ _ . - -. . _ _ LAEEL . _ -  739ClL - _. 

PKTPARM 1234567890123456784 4 789012 
-bABfL_ _ _ 12345678901234567S9 - . 4  789012 
PRTPARP 1234567890123456789 4 789C12 
LABEL 1234567890123456789 4 789C12 
E NO 1234567890123456789 4 789012 
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3.6,3,4 _Rigid Pormat Cham@ R e s t u L  Pable-  _- - - - - - 

-- -- -- -- - - - - - 

DM AP B i m -  - - D ~ P  B i t  P o s i t i o n -  - -  

Inst .  -- 63 - 80 -- -__--_ Pnst. 64 70 80 70 -- ---- -- 

3 4 5 6  8 9 C 1 2 3 4  BEG1 N -_ -c__!N_o _ _ _ _ - -  - -_ _ - - ___- _-- 
F I L E  3 4 5 6  8901234 GPSP 

-!Z!P!___ _ _ _  _ - -___ -- -- -- - _ - L ! P  - -- - -- 
SAVE S AYE 

LABEL CHKPf4-r -_____.-_ ____--------------- -- -- - 
GP2 C OND 
CHKPNT - _ --- -- _ -4CEL ---- -___--- -- - --- -- - - 

PLTSET CHKPNT 
SAVE .- HCE2 - - -- -- - - -- - -- 
PRTMSG CHKPhT 
CHKPNT - L ABE I_ -- -- - 
S f  TVAL EQUIV 
SAVE - C_HK - P N T -- -- - - -- --- 
C GND C ONU 
PLOT - - --S_CEL - - -- __ - - - -- 
SAVE CHKPNT 

- PRTMSG --- - -- -_ -L A-6 a_-. _ --- -- -- - 
LABEL EQUI V 

P I J I J _ - _ _ _ _  - -- - - C_HK P NL - - . - - --- --- - - - - 

SAVE C CNU 
PARAM SPP1 --- - - - - - - --- - - A - -- - .- - _ 

PURGE CHKPNT 
CHKPNT -- LABEL - -- - ---- 
T A l  I RRMGZ 

-_SAVE-- - -- _____--- - _  _-  -- -- CWKPhV - -- 

C CNO 3456 8901234 SSGl  
PURGE - - -- - - - - -- - - -- - - CHKPNT - -  - -- - - -- - 
ChKPNT EQUI V 

CHKPhT - -  ---- . - 
CHKPNT C CND 

--C-QND ---- - _ _ _ _--A - __- . - s&2 - _ - - -- - -- 
St442 C ~ ~ K P N T  
SAVE _ - - -- - - - - -- - - - - - - - - - - - - - - - - - - _- - LABEL 
CHKPNT 5 5 6 3  4 

- C ON0 - C w!' h-T -- -3 -__ -- -- - __ 
C OND CCND 4 5  8 9 0 1 2 3 4  
GPWG - -- MkTGP?-_- 4 5  89-CA.22 - - -  - 
OFP MATGPR 45 8 9 C 1 2 3 4  
SAVE - -- L A B E h  __ . 45 8_9G1& -__-___ 
LABEL SUR 1 

- ECUI V - C-HK P 4 T  _ -- -- - - - - - - - - -A 
CHKPRT SOR2 
c C N i  - - _ _--_ - - CHKPNT- 
SYA3 OFP 

-. W K  E!T- - -  - S A V E _ _  
LAWE L 0 SPG 1 
PARA M - -- - - -- - - - - - - - ChKPNT- _ - - - - - - - - - -. 
G P4 E E U l  V 

- S!l!dE -__ CHKP 
CCND C CND 
PARAP _ - _ - MCE2 - 

PURGE ChKPluT 
E CUI Y _ - 
CHKPMT 
CCND 345 9C1244 CHKC'NT 
J bMP 345  '3C1234 C CND 
LABEL  345  9il2.34 S C t  l 
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- i A P  
- 

Bit Position - - 

I n s t .  63 70 80 -- - - - - ---- 

CHKPhT ... - ............... ...................................... 

LABEL 
E P U I U  .................................. 

CHKPtvT 
C CNO ........ ...... .- ---- ...... 
SHP2 
CHKPNT .... . .. ..... ... -. ......... 

LABEL 
A OD .. . -.... - 
CHKPhT 
D PD --- -" --.. -- 
SAVE 

345 789C1234 ....... . g!Li . .  ....................-.......................... 

....... READ ................... . . . . . . . . . . .  

SAVE 
CHKPNT - - ...- 
OFP 
SAVE . . . . . . .  .... ..--.-.-............ -. 

C CND 
.. . S R8 l. ... 345 _.7SWLT3_4. . . . . . . . .  .- 

CHKPNT 345 78901234 
SOR2 - - ---. 
OFP 

.... . s n V E  _ - ..... - ................. 
C CND 

...-.-.-. ........ P L O T  --.. 

PRTMSG 
LABEL - .. - -- -. -. .. -- - .. -. .- ...- --- - ......- - .-. - 
JUMP 345 78901234 
LABEL 345 78901234 . .  ....... 

PRTPARM 345 789C1234 
. . tna~- .  ~ks_..:7e_sc12~-__ _ -  . . . . . . . . . . . . . .  

PHTPARM 345 789C1234 
- - l&E U L J 8 9 C 1 7 7 4  - - -- - 

PRTPARR 345 78901234 
LABEL .-- - 3 4 5 7 8 Q C L 2 3 4  
PRTPARP 345 78901234 
LABEL 345 78961234 
PRTPARH 345 789C1234 

. -_L.A~_E_-L--~~A~ . _1 .89~-~~4_  -- 
PRTPARM 345 789G1234 
LABEL ........ 345 789C1234 . .  ....... ....... -- -.-- -...-- - - 

END 345 78901234 
............. 



BUCKLING ANALYSIS 

3.6.3.4 F i l e  Name- R e s t a r t  Tab I-ee _ _ _ - -.- - -- - -- 

- - - - -- 
- - -  

iY?FJ BTF Pos % T o n i  --- - DMAP ~ i t  Posi  t i o n  
I n s t .  -- r! 100 110 110 720 -hn_~L.--_9! 100 - ___ - . - -  120 

B E G I N  - - - -- 3 -  --- - _ - - - - -- - -- - 2 
F I L E  GPSP 2 

4 G P 1 -  --- - - - - -  - OFP- - 2 -_ .- 

SAVE 4 SAVE 2 
CHKPNT 4 L A B E L  - - .  - - _- - _ *  - ----- -2 -- 
G P 2  5 C ONU 34 
C_HKPNl  - -5 - - - - _ .- -- - ME-I -  -_- -- __- 3- _ - - - - -- -- - 
P L T S E T  CHKPNT 3 

M C E Z  - - - -  4 - -S_aV! _ - -_ _ -- - - -- -- _ _ 
PHTMSG CHKPNT 4 
L - - - - - I  e - m L _  -3_4-- 

SETVAL  Z-QUIV 5 
CHKPNT 5 -SW E-- - _- - - -- - -- -- ------------ 

C OMD C CNO 5 
PLOT - _ _ -- -- -- - - -  -- - S ~ E  a 5 - - - 

SAVE C H K P ~ V ~  - 5 
L A B E L  5 P_R-T__M SG - -- _ _ -_ _ -- - --- - - 

L A B E L  EQUI V 6 

G P 3 -  _ -  6 - - - C H W K I -  - -  - - 6 - 

SAVE 6 C OND 6 

PARAP- - h_- __- - -- - -_ - - - 6 -- S M P L  - -  - -  -- 

PURGE 5 CHKPNT- 6 
6 _ C-hI<P&L-.- -6- -- - L ! B - E L  - _____- 

T A l  r 7 RBMGL 7 
-LA!,!€ - -1 -- - - _ -- - - HK! -- ---- - 7 -- 
C CND 7 9 S SG 1 8 
PLRGf i  --- I-- -a - - - - - - - 8 C H K P U  ---- - 
CHKPNT 7 EQUI V 9 

_SPA$- - 3  c_crur 9 
CHKPNT 8 C CMO 9 

9 -C CND -- -- - - - - - -- - - - s_sG2 _ - - -- - -- - 9 
SMA2 9 CktKPKT 9 

SAVE - - -9 - - - - _ - - L A B E L  -- -- % 
CHKPN? 9 SSG3 0 
-C LND- - - _ - - - - -- - - _ _ - - - -- -- _mN_T_---..-- 0 
C CND C LND 
G PklG - - - - - -- - - - - - - - - - - -- MATGPR 
OFP MATGPU 

--- _- - - - -- - _-- - --A~BE~L-- 
L A B E L  7 9 S D R l  1 
5 Gt I v- - - --C .. - - - --- - - CNacF' hi1 - -- I 
C H K P k T  0 SDR2 2 
C CND 0 - - -  -- CHKPNT- _ -- 2 
S M A 3  0 QFP 
CHKPNT---  - 0 _ -  - - 5 ~ v _ f _  - - - -  

L A B E L  0 D S M G l  3 
CHKPNT PARA!-_ - _ _ _ -- 3 - - _- - _ - _ 3 

G P 4  1 EGUK (ll 4 
SAVE C H K P q t T - -  ----_____ 4 
CCND C GNO 4 
PARAP- 1 W E 2  - - - - -- - - - 4 - - 
P L R G t  1 3  56 931 CHKPMT 4 
E QQLV _ - - _- -- -- 6- -- 
CHKPN? 
C CNI) 
JUMP 
LABEL 
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M A P  B i t  P o s i t i o n  

CNKPNT 5 
LABEL 5 
EOUI V 6 
CHKPNT 4 

SMP2 6 
CWKPNT - 6 
LABEL 6 
ADD 1 
CHKPMT 1 
D BD 7 
SAVE 7 
C OND 7 
CHKPNT 7 
R €AD 8 
SAVE 8 
CWKPMT 8 
OFP 8 
SAVE 8 
C OND 9 
SDRl  9 
CNKPNT 9 
SOWZ : 
OF? 
SAVE 
C ON0 
PLOT 
PRTMSE 
LABEL 
J UHP 
LABEL 
PRTPARE? 
LABEL 
PRTPARM 
LABEL 
PRTPARM 
LABEL 
PRTPARM 
LABEL 
PRTPARE? 
LABEL 
PRTPARH 
LABEL -- 
END 
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The summary of the eigenvalues associated with the buckling modes and the summary of the 

eigenvalue analysis performed, as described in the Normal Mode Analysis rigid format, are auto- 

matical ly  printed. 

3.6.5 Case Control Deck and Parameters for  Buckling Analysis 

The following i terns relate  to subcase definition and data selection for  Buckling Analysis: 

1. The Case Control Deck must contain a t  l eas t  two subcases. Subcases beyond the second 

are used only for  output selection. 

2 .  METHgD must appear in the second subcase to  select  an EIGB card from the Bulk Data Deck. 

3 .  A s t a t i c  loading condition must be defined in the f i r s t  subcase with a LOAD, 

TEMPERATURE(LpAD) , or DEFgRM selection, unless al l  loading i s  specified by grid point dis- 

placements on SPC cards. 

4. An SPC s e t  must be selected above the subcase level,  unless a l l  constraints are specified 

on GRID cards. 

5. O u t p u t  requests that apply only to  the solution under s t a t i c  load must be placed in the 

f i r s t  subcase. 

6. Output requests that apply to  the buckling solution only must be placed in the second and 

succeeding subcases. If only two subcases ex is t ,  the output requests in the second sub- 

case wi 11 be honored for a1 1 buck1 i ng modes. 

7. Output requests that apply to  both the s t a t i c  solution and the buckling modes may be 

placed above the subcase level.  

The following output may be requested for  Buckling Analysis: 

1. Displacements and nonzero components of the s t a t i c  loads and single-point forces of 

constraint a t  selected grid points for  the s t a t i c  analysis. 

2. Forces and stresses in selected elements for  the s t a t i c  loading condition. 

3. Mode shapes and nonzero components of the single-point forces of constraint a t  selected 

grid points for  selected modes. 

4. iindeformed plot o f  the structural model and mode shapes for selected buckling modes. 
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The foll  owing parameters are used in Buckling Analysis : 

GRDPNT - optional - a positive integer value of th i s  parameter wi 9 1 cause the Grid Point 1. - 
Weight Generator t o  be executed and the resulting weight and balance information t o  be 

printed. 

2 WTMASS - optional - the terms of the mass matrix are multiplied by the real value of t h i s  

parameter when they are generated in SMA2. 

3. - optional - a positive integer value of this  parameter will cause the printing of 

the residual vectors following the execution of SSG3. 

4. CBUPMASS - optional - a positive integer value of th i s  parameter will cause the generation 

of coupled mass matrices rather than lumped mass matrices for  a l l  bar elements, rod 

elements, and plate elements that  include bending s t i f fness  (see Section 3.1 for  l i s t  of 

el ements ) . 



3.7 PIECEWISE LINEAR ANALYSTS 

3.7.1 DMAP Sequence for Piecewise Linear Analysis 

RXGID FORMAT 4 

N A S T R A N  S O U R C E  P R O G R A M  C O M P I L A T I O N  
DMAP-DMAP INSTRUCTION 

NO I 

1 BEGIN NQe6 PIECEMPSE LINEAR STATICS ANALYSIS SERIES b B 

2 F I L E  LLL=TAPE B 

3 F I L E  QG~=APPENDIUGV~=APPENDIKGGSUM=SAVE/PGV~=APEND B 

4 a GEOM1, GEOMZ, IGPL e EQEXIN, GPDT * CSTM r BGPDT p SIL /V  P N, LUSET/ C P N P 123/ 
VpNpNOGFDT B 

5 SAVE LUSETB 

6 CHKPNT GPLrEQEXINgGPBTtCSTMt8GPBTpSPL B 

8 CHKPNT ECT B 

9 PLTSET PCDB,EQEX%N~ECTPPLTSETXVPLTPARBGPSETSFELSETS/VNN/  VvN9 
JUMPPLOT s 

1 0  SAVE NSILtJUMPPLOI B 

11 PWTMSG PLTSETX// $ 

12 CHKPNT PLTPARtGPSEVSrELSEPS B 

1 3  SETVAL / P V D N ~ P L T F L G I C ~ M ~ ~ ~ \ ~ ~ N P P F X L E / C B N ~ O  S 

1 4  SAVE PLTFLGlPFPLE I 

15 COND PltdUMPPLOT B 

17 SAVE JUMPPkBTePLTFLGsPFIbE S 

18 PRTMSG PLOTXI.// $5 

1 9  LABEL P l S  

21  SAVE NQGRAVS 

23 PURGE MFG/SKPMGGB 

24 CHKPNT SLToGPTTeMGG $ 
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P I E C E W I S E  L I N E A R  A N A L Y S I S  

R I G I D  FORMAT BMAP L I S T I N G  
SERIES $a 

R I G I D  FORMAT 6 

N A S T R W N  S O U R C E  P R O G R A M  C O M P % L A P I Q M  
DMAP-DMAP INSTRUCTIQM 
NO I 

51 EQUIV KGGXBKGGJNQGENL/KGGXLPKGGL#MQGEN~/ B 

52 CHKPNT KGGpKGGL O 

55 CHKPNT KGG O 

56 G E I ~ K G G X L / K G G L / V V N ~ L U S E T / V P N ~ N ~ G E N ~ # V ~ N V K G G L P /  B 

57 CHKPNT KGGL B 

58 LABEL bBL%B B 

59 PARAM / / C P N ~ M P Y / V I N ~ N S K % P / C I N P O / C ~ N P O  B 

6 t  SAVE M P C F ~ ~ M P C F ~ ~ % ~ N G L E ~ O M ~ T ~ R E A C P B N S K I P P W E P E A N O S S ~ N O L N A  B 

63 PURGE KRRIKLRIQRVDM/REACT/ GM/MPGFk/ G Q ~ K ~ Q ~ ~ L ~ ~ ~ U ~ ~ ~ P O V U O O V V R U O V /  
OMPT/PS~KFSrKSS/S%NGLE#QG/NQ5W/ B 

64 EQUPV KGGpKNN/MPC&I B 

67 CHKPMT PG% B 

68 EQUIV PGLpPb#NOS&T/ B 

40 CQND hBL4cGENEb B 

7 3  SAVE CARDNO "%, 
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R I G I D  FORMAT DMAP LISTING 
4ERPES L 

RIGID FORMAT 6 

N A S ' f R A N  S O U R C E  P R O G R A M  C O M P I L A T I O N  
BMAP-DMAP INSTRUCTION 

NO I 

74 LABEL CBLY D 

76 CON0 LBLgvMPCF2 O 

77 USETsRGtGM O 

70 CHKPNT GM I 

79 3UMP LOOPBGM B 

80 LABEL LOOPBGN 6 

8 1  EQUIV KGGIKNN/MPCF2/ D 

82 CHKPNT KNN S 

83 COND LBLBtMPCF2 S 

81) USET~GM~KGGVP,/KNNQH 9 

85 CHKPNT KNNS 

87 EQUIV KNN,KFF/SINGLE 6 

8 8  CHKPNT KFF 6 

9 1  CHKPNT KFSpKSStKFFD 

9 2  LABEL LBL3 O 

9 3  EQUIV KFFtKAAtOMIT O 

94 CHKPNT MAA S 

95 COND LBLStOMIT O 

9 6  U S E T I K F F V ~ ~ / G O Q K A A ~ K O O B ~ L O O ~ U O O ~ ~ P ~ ~  B 

97 CHKPNV G O P K A A I K O O B P L ~ ~ ~ U ~ O  B 

98 LABEL lBL5 D 

PO0 CHKPNT KLL S 



PIECEWISE L I N E A R  ANALYSIS  

RIGID FORMAT DMAP LISTING 
SERIES L 

RIGID FORMAT 6 

N A S T R A N  S O U R C E  P R O G R A M  C O M P X L A T I O N  
DMAP-DMAP INSTRUCTION 
NO, 

101 COND LBL6,REACT B 

102 USETPKAA, /KLL IKLRVKRR~,~  f 

103 CHKPNT KLLtKLRpKRRO 

104 LABEL LBL6 $ 

105 KLL/LLL, ULL f 

106 CHKPNT ULLvLLL $ 

107 COND LBL7vREACT 3 

108 LLLIULL~KLRIKRR/DM O 

109 CHKPNT DM $ 

110 LABEL LBk.7 5% 

11 1 PGlr/PG/VtNePLFACT/C,N,(lIOtOpO) S 

112 CHKPNT PG $ 

113 CON0 LBLIOPNOSET S 

114 USET~GMPYSIKFS~GO~DM~PG/QRCPOOPSIPL B 

115 CHKPNT QRqPOpPSvPL $ 

116 LABEL LBLlO $ 

117 LLL~ULL~KLL~PLPLOB~U~~~KOOB~PO/ULV~UOOV~RULVRUOV/  VpNtOMIT/V, 
YeIRES=-1 f 

118 CHKPNT ULV,UOOVpRULVvRUOV B 

119 COND LBL9rlRES 3 

120 MATGPR GPL~USETPSILIRULV//C,N,~ B 

121 MATGPR GPL~USET~SILPRUOV/ /C,NIO S 

122 LABEL LBL9 S 

124 CHKPNT DELTAUGVIDELTAPG~DELTAQG S 

124 SAVE PLACOUN- 



RIGID FORMATS 

RIGID FORMAT DMAP LISTING 
SERZES L 

RIGID FORMAT 6 

H A S T R A N  S O U R C E  P R O G R A M  C O M P I L A T f O P !  
DMAP-DMAP INSTRUCTION 

NO o 

127 CHKPNT UGVfoQGlcPGVl B 

128 EQUPV ESTNL~ESTNLlBNEQER/ECPTNLpECPTNL1/NEVER/ B 

129 COND PLALSL2ApNONLSTR B 

131 CHKPNT ESTNLP B 

132 OFP QNLESVP,P~ / /V~N~CARDNO B 

133 SAVE CARDNO B 

134 LABEL PLALBL2A B 

$35 PARAM //CPNPSUB/VIN~DIFF[VDNONP~ALXM/V~NBP~ACQUN/ S 

136 COND LQOPENDvBIFF B 

1313 SAVE 

133 CHKPNT 

140 EQUPV 

141 CHKPNP 

142 COND 

I43 

144 CHKPNT 

145 LABEL 

I46 EQUPV 

147 CWKPNT 

148 EQU%V 

2.49 CHKPNT 

356 COND 

PLACOUNT~PLSETNOPPLFACP B 

KGGNLeECPYNL1 B 

KGGNLvKGGSUM/KGGLPG/ B 

KGGSUM B 

PbALBL3,KGGbPO O 

K G G N L ~ K G G L / K G G S ~ M / C I N B ~ ~ ~ ~ ~ O ~ O ~ / C P N I ~ ~ ~ O O Q  B 

KGGSUM 8, 

PLALBL3 $5 

KGGSUMpKGG/ALWAYS/ S 

KGG O 

&STNL~~ESTNL/ALWAVS/ECPTNLIPECPTNL/AL~~AY S 

ESTNL?ECPTNL B 

PbALBL4tALWAYS S 
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RIGID FORMAT DMAP LZSTING 
SERIES b 

RIGID FORMAT 6 

N A S T R A N  S O U R C E  P R O G R A M  C O M P I L A T I O N  
QMAP-DMAP INSTRUCTION 

NO I 

155 JUMP ERRQR2B 

156 LABEL LQOPEND B 

158 OFP Q U G V ~ ~ Q P G I Q O Q B P B O E F ~ P B E S ~ P / P V ~ N P ~ A R D N O  Si 

159 SAVE CARBNO I 

$60 CQND P2tJUMPPbOT 8 

&62 PRTMSG PLOTX2// Si 

163 LABEL P2 B 

164 JUMP FINIS$ 

165 LABEL ERRORIS 

166 PRTPARM //CtNt-I/CaNsP&AI 

LABEL 

PRTPARM 

LABEL 

PRTPARM 

LABEL 

PRTPARM 

LABEL 

END 
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3 .7 ,2  Description of DMRP Operations for P.iecewise Linear A n a l y s f ~  

4. GPl generates coordinate system trans for ma ti or^ matrices,  tables  of g r id  point locat ions ,  
and t ab les  f o r  r e l a t ing  in ternal  and external  g r id  point  numbers. 

7. GP2 generates Element Connection Table with in ternal  indices . 
9. PLTSET transforms user input in to  a form used t o  dr ive  s t ruc tu re  p l o t t e r .  

19. PRTMSG pr in t s  e r r o r  messages associated with s t ruc tu re  p l o t t e r  

15. Go t o  DMAP No. 19 i f  no undeforiiied s t ruc tu re  p lo t  request .  

16. PL@T generates a1 I requested undeformed s t ruc tu re  p lo t s .  

18. PRTMSG pr in t s  p l o t t e r  data and engineering data f o r  each undeformed plot  generated. 

20. GP3 generates S t a t i c  Loads Table and Grid Point Temperature Table. 

25. TAl generates element tables  f o r  use i n  matrix assembly and s t r e s s  recovery. 

28. Go t o  MAP No. 171 and p r i n t  e r r o r  message i f  no elements have been defined. 

31. Go t o  MAP No. 43 i f  there  a re  no s t ruc tu ra l  elements. 

32. SMAl generates s t i f f n e s s  matrix [KX 1 and Grid Point Singular i ty  Table. 
gg 

34. Go t o  DMAP No. 43 i f  no gravity loads and no weight and balance request .  

35. SMA2 generates mass matrix [M 1. 
99 

38. Go t o  MAP No. 43 i f  no weight and balance request .  

39. Go t o  MAP No. 169 and p r i n t  e r r o r  message .if no mass matrix e x i s t s .  

40. GPWG generates weight and balance information 

DFP formats weight and ba'iance information and places i t  on the  system output f i l e  f o r  
p r in t ing .  

PLAl ex t rac t s  the l i n e a r  terms from [ K X  ] t o  give [KXR] ,  ex t r ac t s  the  nonlinear e n t r i e s  from 
99 gg 

the Element Connection and Properties Table to give ECPTNL, and separates the  l i n e a r  and 
nonlinear e n t r i e s  in the  Element Summary Table t o  give ESTL and ESTNL. 

Go t o  OIYAP No. 165 and p r i n t  e r r o r  message i f  no elements have a s t r e s s  dependent modulus of 
e l a s t i c i t y .  

Equivalence [ K X  1 t o  [ K  ] and [K"] t o  [ K R  1 i f  no general elements. 
9 9 Yg 9 9 99" 

Go t o  MAP No. 58 i f  no general elements. 

SMA3 adds general elements to [K" 10 obtafn s t i f f n e s s  matrix [ K  I . 
99- 99 

SMA3 adds general elements to  [ K X R ]  t o  obtain s t i f f n e s s  matrix of l i n e a r  elements [K' 1. 
9 9 99 

GP4 generates f lags  defining members of various displacement s e t s  (USET) , forms mu1 t i  point  
cons t r a in t  equations [ R  ] Cu 1 = 0.  

g g 
Equivalence [ K  1 to  [ K n n ]  i f  no mu1 t i p o i n t  const ra in ts .  

gg 
SSGI generates to t a l  s t a t i c  load vector { p i } .  

g 
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1 Equivalence {P } t o  {PR) i f  no constraints applied. 
9 

Go t o  LMAP No. 74 i f  general elements present.  

GPSP determines i f  possible g r id  point singulari  t i e s  remain. 

@FP formats the t ab le  of possible gr id  point s i  ngulari t i  es and places i t  on the system out- 
put f i l e  fo r  printing. 

Go t o  DMAP No. 86 i f  no multipoint constra ints .  

MCEl pa r t i t ions  multipoint constra int  equations [R  1 = [Rm I Rn] and solves f o r  multi- 
9 .  

point constra int  transfornation matrix [Gm] = - [ R ~ ] - ' [ R ~ ] .  

Beginning of loop fo r  Piecewise Linear Analysis. 

Equivalence [ K  ] t o  [Knn]  i f  no multipoint constra ints .  
99 

Go t o  DMAP No. 86 i f  no mu1 t i  point constra ints .  

MCE2 par t i t ions  s t i f f n e s s  matrix 

and performs matrix reduction 
T T T I = [inn] + CGmIIK,,,nl + [K,,,nl[Gml + [Gml[Kml[Gml .  

87. Equivalence [K,,] t o  [ K f f ]  i f  no single-point constra ints .  

89. Go t o  DMAP No. 92 i f  no single-point constra ints .  

90. SCEl par t i t ions  out s i  ngle-poi n t  constraints 

93. Equivalence [ K f f l  t o  [Kaa]  i f  no omitted coordinates. 

95. Go t o  DMAP No. 94. i f  no omitted coordinates. 

96. SMPl pa r t i t ions  constrained s t i f f n e s s  matrix 

L J 

solves fo r  transformation matrix [Go] = - [ K ~ ~ ] - '  [ K ~ ~ I  - T and performs matrix reduction [ K a a ]  = [Kaa]  + [Koa][Go]. 

99. Equivalence [Kaa]  t o  [KRR] i f  no free-body supports. 

101. Go to  BMAP No. 104 i f  no free-body supports. 
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102. RBMGl par t i t ions  out free-body supports 

105. RBMG2 decomposes constrained s t i f f n e s s  matrix [K,,] = [LiR][URR]. 

107. Go t o  DMAP No. 110 i f  no free-body supports. 

108. RBMG3 forms r ig id  body transformation matrix 
1 [ D l  = -CK,,I- C K i r l ,  

calculates r ig id  body check matrix 
T Cxl = C K r r l  + EK,rICDI, 

and calcula tes  r i g i d  body e r ro r  r a t i o  

1 111. Multiply to ta l  load vector {P  } by fac to r  t o  obtain applied load vector {P 1 fo r  current 
1 oop . 9 9 

113. Go t o  DMAP No. 116 i f  no constra ints  applied. 

114. SSG2 applies constraints t o  s t a t i c  load vector f o r  current loop. 

and calculates incremental determinate forces of reaction for  current loop 
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117. SSG3 solves for displacements of independent coordinates 
-1 

{u,} = [Kt,] {P,} , 

solves for  displacements of omitted coordinates 
0 I = [ K ~ ~ I - ~ ~ P , I ,  

calculates residual vector (RULV) and residual vector error  r a t i o  for  independent coordinates 

itif',} = IP,} - CKRRI{uR} . 
t 

and calculates residual vector (RUflV) and residual vector e r ror  r a t i o  for  omitted coordinates 

{tipo) = {pol - C K , ~ I { U ~ I ,  

119. Go t o  DMAP No. 122 i f  residual vectors are not t o  be printed. 

120. Print  residual vector for  independent coordinates (RULV) 

121. Print residual vector for  omitted coordinates (RUflV) . 
123. SDRl recovers dependent incremental displacements for  current loop 

and recovers incremental s i  ngle-poi n t  forces of constraint for  current loop 
T 

(6qs} = -{PSI + [Kfsl{uf) . 
125. PLA2 adds the incremental displacement vector and the incremental single-poi n t  forces o f  

constraint vector for  the current loop to the accumulated sum of these vectors. 

{"gi+l I = 1 u g . )  1 + bg.1 1 and 
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3.7.3.1 B i t  P o s i t i o n s  f o r  C a r d  Name R e s t a r t  T a b l e  

C a r d  Name 

A X I C  
CELASl  
CELAS2 
CELAS3 
CELAS4 
CMASSl 
CMASS2 
CMAS S 3 
CMASS4 
CQRDlC 
CQRDl R 
CQRD1 S 
CQRD2C 
CP)RD2R 
CQRD2S 
GRDSET 
GRID 
P Q I  NTAX 
RINGAX 
SECTAX 
SEQGP 
S P g I N T  
BARflR 
BEAMPR 
CBAR 
CBEAM 
CCQNEAX 
CQNRgD 
CQDMEM 
CQDPLT 
CQUAD 1 
CQUAD2 
CRQD 
CSHEAR 
CTgRDRG 
CT RAP RG 
CTRBSC 
C T R I A l  
CTRIA2 
CTRI  ARG 
CTRMEM 
CTRPLT 
CTUBE 
CTWIST 
PBAR 

B i t  Pos  . 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
3 

C a r d  Name 

PBEAM 
PCflNEAX 
PQDMEM 
PQDPLT 
PQUADl 
PQUAD2 
PR0D 
PSHEAR 
PT0  RDRG 
PTRBSC 
P T R I A l  
P T R I  A 2  
PTRMEM 
PTRPLT 
PTUBE 
PTWIST 
GENEL 
CflNM 1 
CQNM2 
PELAS 
PMASS 
MAT 1 
MAT2 
MAT 3 
MATS 1 
MATS2 
MATT 1 
MATT2 
MATT3 
TABLEMl 
TABLEM2 
TABLEM3 
TABLEM4 
TABLES1 
TABLES2 
TABLES3 
TABLES4 
TEMPMT$ 
TEMPMX$ 
MP C 
MPCADD 
MPCAX 
MPC$ 
SPC 
SPCl  

B i  t P o s  . 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
4 
5 
5 
6 
7 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
9 
9 
9 
9 

10 
10 

C a r d  Name 

SPCADD 
SPCAX 
SPC$ 
M I T  
Q M I T l  
QM I TAX 
SUPAX 
SUPBRT 
TEMP 
TEMP AX 
TEMPD 
WTMASS 
GRDPNT 
PLQTEL 
IRES 
PLQT$ 
POUT$ 
LQBP$ 
L06P1$  
C0UPMASS 
DS CO$ 
PLFACT 
DEFQRM 
DEFQRM$ 
LPAD$ 
RF@RCE$ 
FQ RCE 
FQRCE1 
FPRCE2 
FQRCEAX 
LQAD 
MQMAX 
MQMENT 
MQMENTl 
MQMENTE 
PLflAD 
PLQADl 
PLQAD2 
PRESAX 
RF0 RCE 
SLQAD 
GRAV 
TEMPLD$ 

B i t  P o s  . 
10 
10 
10 
11 
11 
11 
1 2  
1 2  
1 3  
1 3  
1 3  
1 4  
1 5  
1 6  
1 7  
18 
1 9  
2 2 
2 3  
2 4  
5 8  
5 8  
5 9  
5 9  
5 9  
5 9 
60 
6 0  
6 0  
6 0  
6 0  
6 0  
6 0  
6 0  
6 0  
6 0  
6 0  
6 0  
6 0  
60 
6 0  
6 1  
6 1 
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3 . 7 . 3 . 2  B i t  Pos i t ions  f o r  F i l e  Name Restar t  Table 

F i l e  Name 

BGPDT 
CSTM 
EQEXIN 
GPDT 
GPL 
SIL 
ECT 
GPTT 
S LT 
ECPT 
EST 
GEI 
GPCT 
GPST 
KGGX 
MGG 
KGGXL 
ECPTNL 
ESTL 
ESTNL 
KGG 
KGGL 
RG 
USET 
YS 
PG 1 
OGPST 
GM 
KNN 
KFF 
KFS 
KSS 
GQ 
KAA 
KOOB 
L00 
U0O 

B i t  Pos . 
94 
94 
94 
94 
94 
94 
9 5 
96 
96 
9 7 
97 
97 
97 
98 
98 
99 

100 
100 
100 
100 
101 
101 
102 
102 
102 
103 
104 
105 
106 
107 
107 
107 
108 
108 
108 
108 
108 

F i  1 e Name 

KLL 
KLR 
KRR 
LLL 
UL L 
DM 
PG 
PL 
PB 
PS 
QR 
RULV 
RUBV 
UL V 
UBBV 
PGG 
DELTAQG 
DELTAUGV 
UGVl 
QG 1 
PNLES 
ESTNLl 
KGGNL 
ECTPNLl 
KGGSUM 
PEFl 
0ES1 
0PG1 
BQGI 
0UGVl 
PUGVl 

B i t  Pos . 
109 
109 
109 
110 
110 
111 
11 2 
113 
113 
113 
11 3 
11 4 
11 4 
114 
114 
11 5 
175 
11 5 
116 
116 
11 7 
117 
118 
118 
11 9 
120 
120 
120 
120 
120 
120 
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3.7.3.3 Card Name R e s t a r t  Table 

DMAP Bit P o s i t i o n  
I n s t .  1 10 20 30 40 50 6 0 

R F G I  h  
F l L F  
F I L E  
1; P 1 
SAVE 
C H K P h T  
G PZ 
CbKPlrtT 
P L T S t T  
SAVE- 
P R T F  \G 
C h K P h T  
S t T V A L  
S A V E  
C CF)O 
P LC i 
S A V t  
P R T F S C  
L A B t L  
G P 3  
SAVk 
PARAP 
PLRGE 
CHKPRT 
T A l  I 
S A V E  
PARAC 
CCNO 
P  LRL t 
Ct iKPRT 
c c w  
S P A 1  
Ct tKPhT 
C  LNO 
S  PAL 
SAVF 
CkiKPhT 
CCNIJ 
C C N I )  
G P h G  
O f  P  
SAVE 
L P R E L  
P L A L  
S A V t  
c C & l J  
P l i H l ~ z  
C t I K P h S  
PARAP 
PbHAr" 
ELL1 V 
C t  K P h T  
C  Lhl) 
SPA3 
C H K P k T  
S P A 3  
G P K P R I  
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DMAP 
I n s t .  

L  AH6 L  
I 'ARAC 
G P 4  
S A V E  
PAMAC 
P L R G E  
C b U I  V 
CI iKPfkT 
S S G 1  
C H K P h T  
EGbI v 
C h K P h T  
C C h U  
GPSP 
Ol-P 
S A V t  
L 4 R E L  
P  AKA IJ 
c c w  
K C t  1 
CI- IKPkT 
JLIJP 
L A B t  L  
t G U l  v 
C H K P R T  
c CNlJ 
M C E i  
C h K P h T  
L A B E L  
E!,UIV 
C W K P R T  
C  CkLl 
S C E l  
C t I K P h T  
L A R F L  
E G L I  \I 
C H K P n T  
C  L N n  
s r p l  
C h K P R T  
L A B E L  
F611I V 
C h K P N T  
c i. n u 
R H M Z l  
CkiKl'hT 
L A B E L  
K i t b G :  
ChKP hT 
CChCi 
K H P b  3 
C H K P h T  
L A H E L  
A L'D 
C h K P k T  
CLiLC, 
S L G L  

Bit  P o s i t i o n  - 
1 10 20 30 40 
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DMAP 
I n s t .  

CHKPhT 
LABEL 
S SG3 
CHKPhT 
C CNU 
kATGPR 
P A T f ; P R  
LABL-L 
SIJR 1 
CtiKPNT 
PLAL 
SAVE 
CHKPRT 
E C U I V  
C CNU 
PLA3 
ChKPhT 
OFP 
S AVF 
L A B t L  
P 4 R A C  
C CRD 
P LA4 
3 AVE 
CHKPhT 
EGUI V 
CHKPkT 
c chn 
A ED 
CtlKPNT 
LABkL 
E C L I  V 
CHkPhT 
ECUI  V  
CkKPhT 
CUND 
P LA2 
P LA2 
L A B t  L 
HEPT 
JLMP 
LAHEL 
SbU7 
OFP 
SAVE 
C CFtC 
PLO r 
PRTMSG 
LAt l tL  
J Lt-' I' 
LABEL 
P R T P A K P  
LABEL 
PgTPARC 
LABEL 
PKTPAUP 
LABFL 
PUTPARtJ 
L A H E L  
E RcU 

B i t  P o s i t i o n  
20 30 40 
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3.7.3.4 Rigid Format Chanae Restar t  Table 

DPIAP Bi t  Posit ion 
I n s t .  6 3 70 80 

H t G I I l  34567  9*21234 
F !LE 34567 Y C 1 2 3 4  
F E L t  34567 9 C 1 2 3 4  
G P l  
SAVE 
C f ~ K P h T  
G P 2  
Ct<Kl'IbT 
PL-TSET 
S A V t '  
Pl lTMSG 
C h K P R T  
S E T V A L  
5 A V t  
C Lhtj 
P1.0 T 
S A V t  
Pf tTMSG 
LADE L 
G P 3  
S 9 V t  
P A P A P  
P LkG f 
C k K P k T  
T A 1  
SAVE 
PARAP 34567  9 C 1 2 3 4  
C CrVU j L t567 9CL234  
P L H G  E 
Cl-IKPIbT 
C CFiD 
S P A 1  
C h K P k T  
C CkU 
S P A 2  
SAVE 
C t I K P k T  
C CNLJ 
LCNI) 
(; PkG 
OFP 
S A V E  
L A O t  L 
P L A l  
b AVC 
C CNO 
P LI9c; i: 

C t l K P R T  
PAHAP 
P A R A P  
ELUI V 
CI-IKPAT 
C CNU 
S P A  3 
CFKPnlT 
S E. A 3 
CIJUPhT 

DMAP Bi t  Posit ion 
I n s t .  6 3 70 80 

LABEL 
PAR A P 
(; P 4  
S A V t  
P A H A P  
PLRGt  
E I ; U I  u 
C I i K P R T  
S SG 1 
C t i K P h T  
E t U l  V 
CHKPRT 
C CNC 
GPSP 
OFP 
S A V E  
LAREL 
P A R A P  
CCNI? 
MCE 1 
C t l K P R T  
JLPP 
LABEL 
E C U I  V 
C H K P R T  
C CNll  
MCE2 
C I I K P ~ T  
LABEL 
t c l J1  v 
Ct tKPiLT 
C (.RC+ 
SCE 1 
C l i k P h T  
LARk L  
E L C I V  
C h K P R T  
C CFiU 
Sr'P1 
C h K P h T  
LABEL 
E d U I V  
C H K P h T  
C ChO 
K UP.'(; 1 
C t i K P k T  
L A B t  L 
R tIMG'? 
C H K P h T  
€. ChP 
9 HPG 3 
C h K P h T  
L A B t  L 
A CiL' 3 4  67 
C b K P h T  34 6 7  
C CNIi 34 6 7  
SSG2 34 67 
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OM AP - B i t  Pos i t i on  
.__ln~t,  - - 4 3  A- 70 - .- -- 

C;FKPRP - 3 4  -6.3 
LABEL 3 4  6 7  

DFlAP B i t  Pos i t i on  
6 3 80 Anst * -- - - - - - -- -_ -- 5;10 - -. 

S SG3 3 4  4 7 E NO 3 4 5 6 7 9 C k 2 3 4  - 

G ~ I K P N T  3 4  A 7  
345-63 9 C L 2 3 4  C4NO__. --- - -- - - - - - --- a-- - ----- - -- - -  - -. 

MAVG PR 3 4 5 6 7  9 C 1 2 3 4  
MAJGER- - 3 4 5 6 7  9 5 1 2 3 4  - -- - -. - . - -- . - - - - - - - - - - - - - 
LABEL 3 4 5 6 7  9 C 1 2 3 4  

-S_G!! 1 -- --_ 3_456_7- CLC1234-- _ - -  _ _ -  _- - -- -- - --- - - - -- 

CHKPMT 34567 9 C 1 2 3 4  
- 

SAVE 
C HK P N T 

~ . - -- - .. -.. ~ -. 

ECUI V 
C L B ! .  --. _ .  . - - - - - . .  _ - -  ~ 

PLA3 
CHKPNT -- -- - - -  - . 

OFP 
SAVE - -- -- - - -  

LABEL 
PARA! -- - - -- - - - - - - -- - - - -- - - -- - - - - 

C CND 
P LA4 -- -- - -- -- - -- - -- -- -- - 
SAVE 
ChKPhT - _ __ _ - --- -- -- -- -- -- - - -- -- - -- 
EQUI r 

_CE1!y N L  - __ - - - - -- - - -- 
CCND 
A OD - 
CHKPFiT 

.A 48 E_LL - ____- - -___-- --- -- 
EQUIV 
GHKPNT - - - - - --- - - - - -- - - --- - - - -- -- - - -- - - - - - 
E Q U I  V 
CHKPNT- -- --- - - -- - -- 
C CNO 

- PLA2 --- - -- - - -- - - -- -- - 
P LA2 
LABEL -- -- -- - -  

WEPT 
JbMP - - - - - - - 
kRBkL 
s oa2- -__ - --- - - - - - - - - - - - - - -- - - - - - - - -- - - 
OFP 

- S A K E -  - -  -- - - - - - - - - - - - - -- - - - - - - - - -. - - 
G CND 
PLOT -- -- -- -- -- 
PWPMSG 
LABEL - - - - - -- - - -- - 
JUPP 34567 9 6 1 2 3 4  
LABEL - - 3 4 5 6 7 3 C L 2 3 4  --_ _ - - - -_ - - 
PRTPARP 34567 9Gb234  

LA&%-- 9 G M $ -  - - - - -- -- - - 
PATP ARP 9 C 1 2 3 4  

L A B E L  - -  34367 % C L 2 3 4  -- - - --  -- 

PRTPARM 3 4 5 6 7  9CB234 
L A B E L  -- -- 34547 9Cl.234 - - - -  -- - - -- - 
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3 . 7 . 3 . 5  F i l e  Name Res ta r t  Table 
. ~ - - ~ - 

mT-V- oSitio n--- - - - --  - 
DMAP B i t  P o s i t i o n  

I n s t .  94 100 ' 1 1 0  120 I n s t .  -- 94 100 110 120 

LABEL BEG 1 N - _ -  - -  -- 1 
F I L E  PARAM 2 
F I L E  G P4 -- -- - - - - - -- --- - - - . - -- 2 
GP1 4 SAVE 2 
SAVE 4 -- PARAP" 2 
ChKPNT 4 PURGE 2 5 789 1 345  
G P2 5 - EOUIV 
CHKPILT 5 CHKPNT 
PLTSET SSGl 3 
SAVE CHKPNT 3 
PRTMSG EQUI V 3 
CHKPNT CHKPNT 3 
SETVAL -- C CND 4 
SAVE GPSP 4 
CON0 OFP - 4 
PLOT SAVE 4 
SAVE -- LABEL 4 
PRTNSG PARAP 
LABEL - -. -- CONO 5 6 
G P3 6 NCE 1 5 
SAVE 6 -- CHKPRT 5 
PARAP 6 9 JUMP 
PURGE -- 6 - LABEL 
CHKPILT 6 EOUI V 6 

7 -LA~X _ _ -  CHKPNT - 6 
SAVE 7 C CNO 6 
PARAP 7 HCEZ 6 
C GND 7 CHKPNT 6 
PURGE 78 LABEL 56 
CHKPNT 7 EQUIV 7 
CCND -- 69 CHKPhT 7 
SHA l  8 C OFID 7 
CHKPNT -- 8 SCE 1 7 -- 

C ON0 9 CHKPNT 7 
SMAZ 9 -- LABEL 7 
SAVE 9 EQUI V 8 
CHKPNT 9 CHKPNT 8 
C ON0 C ON0 8 
C GNO SMPl 8 
GPWG CHKPNT 8 
OFP LABEL 8 
SAVE EQUl V 9 
LABEL 89 -- CHKPNT 9 - 

P L A l  0 C ON0 9 
S AWJE - -. 0 RBMG 1 9 
CCNO 0 CHKPhT 9 
PURGE 0 LABEL 9 
CHKPNT 0 RBNGZ C 
PARAP 0 - CHKPNT 0 
PARAY 0 C OND 1 
E B U I V  1 RB19G3 1 
CHKPNT 1 CHKPNT 1 

- LABEL 1 
S r A a  t ADD 2 
CHKPMT 1 - .. - -- CHKPNT - 2 -- 
SMA3 1 C CNO 3 
CHKPNT --- 1 -- -- - S -- SG2 - .- 3 
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- ---- -- - - - - - -- 
DMAQ B F ~  P o  s i tTon- 
I n s t .  94 100 ------___- _JICL_.-. - 

CHKPSJT . 3 ........ PRTPARM __ __ .. .... .. -- -- 
LABEL 3 LABEL 
S SG3 4 E ND .. .... .. ....... . .... ... ........... --- 
CHKPNT 4 
CCND 
pp -- .... .. .. .... -- 
MATG BR 
M aTPR- .  -- - -- - - 
LABEL 
S D R L  -- 5 . . ................ 

CHKPNT 5 
PLA2 . 6 - 
SAVE 
CHKPNT .... ... --- -- 
EPUI  V 7 
C CND 7 ......................... .............. ~ ..... ~~ ~ ................... .... 

P LA3 7 
CHKPNT .- 7 -- .- -- 
OFP 
SAVE .... ........... . .. ............ .. - -- -- 
LABEL 7 
PARAM 8 ..... .... -- ......................... 

C OND 8 
P LA4 €3 -- 
SAVE 8 
CHKPNT 8 
EQUI V 9 
CHKPNT --- - - -- Y - - -.. -- -- 
CCNO 9 
A DO 9 
CHKPNT 9 

EQUI V 
CHKPNT - --- - -- - -- .- - - - - - -- - - -. - -- . - - - -. - 

EQUI V 
CHKPKT .- -. - .- 

CCND 

LABEL - - -- .- . - -. . -- . - 

KEPT 
JUMP -- e- - - -- -- --.- - -. - -- -. - . . - - -. - - - -- . -- 
LABEL 

OFP 
SAVE -- . ........... 

C CND 

PRTHSG 
LABEL - - -- - - - - - -  - 

JUMP 
LABEL .- -- - - - - - - -. - - - 

PRTPARM 

PRTPARY 
C A B E L  . -. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . 
PRTPARla 
L A B E L  . .  . 
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3.7.4 Case Control Deck and Parameters f o r  Piecewise Linear Ana1,ys-i~ 

The following items r e l a t e  t o  subcase de f in i t ion  and data se l ec t ion  f o r  Piecewise Linear 

Analysis: 

1 .  The Case Control Deck must contain one and only one subcase. 

2.  A s t a t i c  'loading condition must be defined with a LgAD se lec t ion .  

3. An SPC s e t  must be se lec ted  unless a l l  const ra in ts  a re  speci f ied  on GRID cards.  

4. PLCPEFFICIENT must appear e i t h e r  t o  s e l e c t  a PLFACT s e t  from the Bulk Data Deck or  t o  

e x p l i c i t l y  s e l e c t  t he  de fau l t  value of uni ty .  

The following output may be requested f o r  Piecewise Linear Analysis : 

1 .  Accumulated sums of displacements and nonzero components of the s t a t i c  loads and s ingle-  

point  forces of cons t r a in t  a t  se lec ted  g r id  points f o r  each load increment. 

2. S t resses  in se lec ted  elements. I f  an element i s  composed of a nonlinear material the  

accumulated s t r e s s  wi l l  be output f o r  each load increment. S t resses  in l inea r  elements 

a r e  only ca lcula ted  f o r  the  t o t a l  load. 

3. Undeformed p l o t  of the  s t ruc tu ra l  model and deformed plots  f o r  each load increment. 

The following parameters are  used in Piecewise Linear Analysis : 

GRDPNT - optional - a posi t ive  in teger  value of t h i s  parameter wi 11 cause the Grid Poi tit 1. - 
Weight Generator t o  be executed and the resul t ing  weight and balance information to  be 

printed.  

2. WTMASS - optional - t he  tenns of the mass matrix are  mu1 t i  pl ied by the real  value of t h i s  

parameter when they a re  generated in  SMA2. 

3. IRES - optional - a posi t ive  in teger  value of t h i s  parallieter wi 11 cause the pr in t ing of 

the residual vectors following the  execution of SSG3. 

4. CgUPMASS - optional - a pos i t ive  in teger  value of t h i s  parameter will  cause the  generation 

of coupled mass matr4ces r a the r  than 'lumped rilass matrf ces fo r  a l l  bar elements, rod 

elements, and p la t e  elements t h a t  include bending s t i f f n e s s  (see  Section 3.1 f o r  l i s t  of 

elements) . 



3.8 DIRECT COMPLEX EIGENVALUE ANALYSIS 

DMAP Sequence for Direct Complex Eigenvalue Analysis 

K i G I O  FORMAT 7 

N A S T R A N  S O U R C E  P R O G R A M  C O M P I L A T I O N  
DMAP-DMAP INSTRUCTION 

NO* 

1 BEGIN N0,7 DIRECT COMPLEX EIGENVALUE ANALYSIS - SERIES L B 

2 F I L E  KGGX=TAPE/ KGG=TAPE B 

3 GEOM1 t GEOMPt /GPLt EQEXINr GPDT t CSTMv BGPDTr S I L / V t N r  LUSET/ C t N t  125, 
V,NvNOGPDT B 

4 SAVE LUSETrNOGPDTB 

5 PURGE USETtGMtGOtKAAoBAAeMAA,K4AA~KFStEST/NOGPDT B 

6 CHKPNY G P L V E Q E X I N ~ G P D T ~ C S T M I B G P D T ~ S I L ~ U S E T ~ G M ~ G O ~ K A A ~ B A A ~ M A A ~ K ~ A A ~ E S T B  

7 COND LBL5tNOGPDTB 

9 CHKPNT ECT B 

10 PLTSET PCD~~~EQEXINIECT/PLYSETXVPLTPAR,GPSETS,ELSETS/V~NVNSIL/  VtNq 
JUMPPLOT $ 

ill SAVE NSILtJUMPPLOT $ 

1 2  PHTMSG PLTSETX//B 

1 3  CHKPNT PLTPAlloGPSETStELSETS $ 

14 SETVAL / /V t IJ tPLTFLG/CtNt l /V tNtPFILE/CoN,O B 

15 SAVE PLTPLGtPFILE B 

lb COND PltJUMPPLOT B 

17 PLTPAR~GPSETSI&LSETSOCASECC~BGPDT~EQEXIN~SIL~,/PLOTX~/ VvNt 
N S I L / V ~ N ~ L U ~ E T / V ~ N ~ J U M P P L O T / V P N ~ P L T F L G / V N ~ P F I L  $ 

18 PRTMSG PLOTXl/ /B 

1 9  LABEL P 1  $ 

2 1  CHKPNT GPTTB 

23 SAVE NOSXMPtNOGENboGENEhB 

24 PURGE K ~ G G ~ G P S T F O G P S P ~ M G G F ~ ? G G ~ K ~ ~ ~ I I . ! F K ~ F F F K ~ A A P M N N V M F F P M A A ~ B N N V ~ F F ~ ~ A A ~  
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R I G I D  FORMAT DMAP L I S T I N G  
SEK I ES b 

R I G I D  FORMAT 7 

N A S T R A N  S O U R C E  P R O G R A M  C O M P I L A T I O N  
DMAP-DMAP INSTRUCTION 

NO. 
KGGX/NOSIMP / OGPST/GENELB 

25 CHKPNT E S T P E C P T ~ G P C T I G E X ~ K ~ G G P G P S T ~ M G G P R G G P K G G X O G P S T  K ~ N N ~ K ~ F F V K ~ A A ,  
MNNvMFFvMAA,BNNvBFF,BAA 3 

26 COND LBLl rNOSIMPB 

27 CSTM, MPT, ECPT , GPCT, DIT/KGGXt K4GG ,GPST/V r N t  NOGENL/V vNvNOK~GGB 

28 SAVE NOK4GGB 

29 PURGE K Y N N V K ~ G G , K ~ F F , K ~ A A / N O K ~ G G $  

30 CHKPNT K G G X , G P S T V K ~ + G G , K ~ N N , K ~ F F , K ~ A A  B 

33 PURGE BNN,UFFvBAA/NOBGGB 

34 CHKPNT MGG,BGGtBNN,HFF,BAAS 

35 COND LBLI. 1 GRDPNTB 

36 COND ERRORScNOMGGB 

37 a BGPDT 1 CSTMt EQEXIN r MGG/OGPWG/V , Y v GRDPNTz-1/V, Y v YTMASSS 

38 OFP OGP&Gttv,t//V,NeCARDNO S 

39 SAVE CAHDNO B 

40 LABEL L B L l B  

41 EQUIV KGGXtKGG/NOGENL B 

42 CHKPNT KGG B 

43 COND LBL l l tNOGENL S 

44 GEI ,KGGX/KGG/Vr N,LUSET/V,NvNOGENL/V, N, NOSIMP $ 

45 CHKPIVT KGG $ 
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R I G I D  FORMAT DMAP L IST ING 
SERIES L 

R I G I D  FORMAT 7 

N A S T H A N  S O U R C E  P R O G R A M  C O M P I L A T I O N  
DMAP-DMAP INSTRUCTION 

NO. 

49 SAVE MPCFlsMPCF2rSINGLE,OMITtNSKIPvNOSETvREACTREPEATNOLNOA B 

5 0  PURGE G M ~ G M D / M P C F ~ / G O ~ K ~ O B I L O O ~ U O O ~ M O O B ~ M O A B ~ G O D / O M I T / K F S ~ Q P C /  
SINGLE B 

52 CHKPNT ~ M ~ R G , G O ~ K O O B ~ L O O , U O O ~ M O O B ~ M O A B ~ K F S ~ Q P C ~ U E V G M D G O D ~  KNNvMNNq 
BNNt K4NN S 

5 3  COND LBL4tGENEL B 

5 4  COND LBLQtNOSIMP B 

55 a GPL, GPST . USET, SILIOGPST $ 

5 6  OFP OGPSTttqv,//VtNtCARDNO B 

57 SAVE CAHDNO S 

58 LABEL LBLQ S 

59 COND LBLBvMPCF2 '5 

6 0  @ USET ,RG/GM P 

61 CHKPNT GM $ 

6 2  a USET , GM, KGG r MGG e BGG t KVGG/KNI.I p MNN, BNN, KIINN $ 

6 3  CHKPNT KNNvMNNtBNNtK4NN % 

6 4  LABEL LBL2 B 

6 6  CHKPNT K F F V M F F P B F F P K ~ F F  $ 

67 COND LBL3,SINGLE B 

6 9  CHKPNT KFS,KFFIMFFPBFFIK~FF B 

70 LABEL LBL3 B 

71 EWUIV KFF,KAA/OMIT/ MFFrMAA/OMIT /BFFtBAA/OMIT /K4FF,K4AA/OMITB 

7 2  CHKPNT KAA,MAAvBAAtK4AA S 

73 COND LBL5,OMIT S 

7 4 U S E T ~ K F F ~ M F F ~ B F F ~ K ~ F F / G O ~ K A A I K O O B B ~ O O ~ ~ J O O ~ M A A P ~ O O B ~ M O A B P B A A Q  
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H I G I D  FOIIMAT DMAP L I S T l N G  
SERIES C 

R I G I D  FQHMAT 7 

N A S T R A N  S O U R C E  P R O G R A M  C O M P I L A T Z O N  
DMAP-DMAP INSTRUCTION 

NO. 
K4AA B 

75 CHKPNT GOvKAA,MAA,BAAtK4AA B 

76 LABEL L B L 5  B 

78 SAVE LUSETDtNOUE O 

80  CHKPNT USETD~EEDVEQDYN,TFPOOL,GOD~GMD~SILDPGPLD B 

81 PARAM / / C ~ N ~ A D D / V , N I N E V E R / C ~ N ~ ~ / C V N P O  B 

82 PARAM / / C , N , M P Y / V ? N ~ K E P E A T E / C ~ N ~ ~ / C P N ~ - ~ B  

63 JUMP L B L l 3  B 

a4 LABEL L B L 1 3  B 

a5 PURGE P H I D , C L A M A P O P H I D ~ O Q P C ~ ~ O C P H I P ~ O E ~ C ~ ~ O E F C ~ C P H I P P C / N E V E R  B 

I 6  CASECC, /CASEXX/C t Nr CEIGN/V t N P REPEATE/V e N, NOLOOP $ 

87 SAVE REPEATEtNOLOOP B 

88 CHKPNT CASEXX B 

8 9  C A S E X X ~ M A T P O O L ~ E O D Y N ~ ~ T F P O O L / K ~ P P ~ M ~ P P ~ B ~ P P / V P N ~ L U S E T D / V ~ N ~  
NOK2PP/V t N, NOM2PI'/V t N v lJOB2PP B 

90 SAVE NOK2PPtNOB2PPtNOM2PP B 

91 PAHAM / / C , N ~ A N D / V , N , B D E B A / V ~ ~ ~ ~ N O U E / V V N ~ N O B ~ P P $  

93 PARAfvl / / C  P IJ t AND/V, N, KDEKZ/V , IJ, NOGENL/V, N, NOSIMP B 

97 COND LBL18, NOGF'DTB 



DIRECT COMPLEX EIGENVALUE ANALYSIS 

RIGID FORMAT DMAP LISTING 
SERIES i, 

RIGID FORMAT 7 

N A S T R A N  S O U R C E  P R O G R A M  C O M P I L A f % O N  
DMAP-DMAP INSTRUCTION 

99 LABEL LBL188 

100 EQUIV BPDDvBDD/NOBGG/ M2DDpMDD/NOSIMP/ K2DDvKDD/KDEK2 $ 

101 CHKPNT KDDvBDDtMDDpGODtGMD B 

102 COND ERRORlvNOEEDB 

104 SAVE EIGVS $ 

105 CHKPNT PHIDvCLAMAPOCEIGS B 

106 OFP O C E I G S V C L A M A P P ~ V / / V V N ~ C A R D N O  B 

107 SAVE CARDNO 'd 

108 CONB LBL16,EIGVS $ 

110 SAVE NODpNOP $ 

111 COND LBL15vNOD B 

112 OFP OPHIDtvvtr//VtNtCARDNO B 

113 SAVE CARDNO $ 

114 LABEL LBL158 

115 COND LBL16vNOPB 

114 COND LBLI7tNOA B 

118 USETD,, P H I ~ ~ ~ ~ G O D ~ G M D P ~ K F S ~ ~ / C P H ~ P V ~ Q P C / C ~ N V ~ / C N D Y N A C  B 

1b9 LABEL LBb.178 

120 CHKPNT CPHIPIQPC B 



RIGID FORMATS 

R I G I D  FQRMAT DMAP L IST ING 
SERIES L 

RIGID FORMAT 7 

N A S T R A N  S O U R C E  P R O G R A M  C O M P I L A T I O N  
DMAP-DMAP INSTRUCTION 

NO. 

OFP 

SAVE 

LABEL 

COND 

REPT 

JUMP 

JUMP 

LABEL 

PRTPARM 

LABEL 

PRTPARM 

LABEL 

PRTPARM 

LABEL 

END 

O C P H X P ~ O Q P C ~ P O E F C ~ ~ O E S C ~ ~ ~ / / V ~ N ~ C A R D N O  3 

CARDNO 3 

LBb16 3 

FINIStREPEATE S 

L B L 1 3 ~ 1 0 0  B 

ERROR2 B 

F I N I S  $ 

ERROR2 3 

/ / C ~ N ~ - ~ / C P N ~ D I R C E A D B  

ERROR13 

/ / C ~ N P - ~ / C I N P D I R C E A D ~  

ERROR3B 

/ /CPN~-~ /CVNVDIRCEAD$ 

F I N I S $  

$2 
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3.8.2 Descri p t i  on of DMAP Operations 

3. GP1 generates coordinate system transformation matrices,  tables  of gr id  point  locat ions ,  
and tables  fo r  r e l a t ing  in ternal  and external gr id  point  numbers. 

7. Go t o  DMAP No. 76 i f  only Direct Matrix Input. 

8. GP2 generates Element Connection Table with in ternal  indices.  

10. PLTSET transforms user input in to  a form used to  dr ive  s t ruc tu re  p lo t t e r .  

12. PRTMSG pr in t s  e r r o r  messages associ ated wi th s t ruc tu re  p l o t t e r  r. 

16. Go t o  DMAP No. 19 i f  no undeformed s t ruc tu re  plot  request .  

17. PLgT generates a l l  requested undeformed s t ruc tu re  plots .  

18. PRTMSG pr in t s  p l o t t e r  data and engineering data  f o r  each undeformed plot  generated. 

20. GP3 generates Grid Point Temperature Table. 

22. TA1 generates element tables  for  use in  matrix assembly and s t r e s s  recovery. 

26. Go t o  MAP No. 40 i f  there  are  no s t ruc tu ra l  elements. 

4 27. SMAl generates s t i f f n e s s  matrix [K' 1 ,  s t ruc tu ra l  damping matrix [ K  1 and Grid Point 
Singular i ty  Table. 99 99 

31. SMA2 generates mass matrix [M 1 and viscous damping matrix [B 1. 
99 99 

35. Go t o  DMAP No. 40 i f  no weight and balance request .  

36. Go t o  DMAP No. 133 and p r in t  e r r o r  message i f  no mass matrix e x i s t s .  

37. GPWG generates weight and balance information. 

38. P)FP formats the weight and balance information and places i t  on the system output f i l e  fo r  
printing.. 

41. Equivalence [K' 1 to  [ K  1 i f  no general elements. 
9 9 99 

43. Go t o  DMAP No. 46 i f  no general elements. 

44. SMA3 adds general elements to  [K' 1 t o  obtain s t i f f n e s s  matrix [ K  1. 
gg 99 

48. GP4 generates f lags  defining members of various displacement s e t s  (USET) and forms multipoint  
const ra int  equations [Ra]{u41 = 0. 

d z-- , 4 4 Equivalence [K ] t o  [ K n n ] ,  [M 1 t o  E M n n ] ,  [B 1 t o  [ B n n ]  and [ K  ] t o  [ K n n ]  i f  no multi-  
99 99 99 99 

point const ra ints  . 
53. Go t o  DMAP No. 58 i f  general elements present.  

54. Go t o  DMAP No. 58 i f  no s t ruc tu ra l  elements 

55. GPSP deternii nes i f  possible gr id  point  s ingular i  t i e s  remain 

56. BFP formats t ab le  of possible gr id  point s i n g u l a r i t i e s  and places i t  on the system output 
f i l e  f o r  pr in t ing.  

59. Go to  DMAP No. 64 i f  M C E l  and  MCE? have already been executed fo r  current s e t o f  mmulti - 
point cons t r a i  nts . 
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60. MCEl  p a r t i t i o n s  mu1 t i  p o i n t  c o n s t r a i n t  equat ions [ R  1 = [Rm R n ]  and so lve s  for  mu1 t i p o i n t  
9 

c o n s t r a i n t  t ransformat ion  matr ix [Gm] = -[R~]- '  [Rn].  

62. MCE2 p a r t i t i o n s  s t i f f n o s s  , mass and damping matr i  ces 

and performs mat r ix  reduc t ions  

T T [ K n n l  = [inn] + lGml[K,,,nl + [K:~I[G,I + [Gml[Kml[Gml  

T T T M n n  = I$,,] + [Gml[MmnI + [Mmnl[Gml + [Gml[MmmIIGmly 

T T T [ B n n l  = [~,,l + [Gml[Bmnl + [Bmnl[Gml + [GmIIBml[Gmly 

4 4 T T 4 [KnnI = [iin] + I G ~ I C ( ~ I  + [$,,,I [Gml + [Gml[K,,,ml[Gml 

4 4 
65-  Equivalence [Knnl t o  [Kff13 [Mnnl t o  [Mffl, [ B n n l  t o  [ B f f l  and [ K n n ]  t o  [ K f f ]  i f  no s i n g l e -  

po in t  c o n s t r a i n t s .  

67. Go t o  M A P  No. 70 i f  no s i ng l e -po in t  c o n s t r a i n t s .  

68. SCEl p a r t i t i o n s  ou t  s ing le -poi  n t  c o n s t r a i n t s  

4 and [ K n n ]  = 

4 4 71. Equivalence [Kffl t o  [K,,], t o  [Maal, [Bffl t o  [Baal and [ K f f ]  t o  [Kaa] i f  no omit ted 
coord ina tes .  

73. Go t o  M A P  No. 76 i f  no omit ted coord ina tes .  



DIRECT COMPLEX EIGENVALUE ANALYSIS 

74. SMPl pa r t i t ions  constrained s t i f f n e s s ,  mass and damping matrices . 

1 solves for  transformation matrix [Go] = -[K,,]- [KO,] 
and performs matrix reductions 

77. DPD generates f lags  defining members of various displacement s e t s  used in dynamic analysis  
(USETD) , tables  re la t ing  internal and external g r id  point numbers, including extra  points 
introduced for  dynamic analysis ,  and prepares Transfer Function Pool and Eigenvalue 
Extraction Data. 

d d 79. Equivalence [Go] t o  [Go] and [Gm] t o  [Gm] i f  no extra  points introduced for  dynamic analysis.  

83. Go t o  next DMAP ins t ruct ion i f  cold s t a r t  or  modified r e s t a r t .  LBLl3 will  be a l t e red  by 
the Executive System t o  the proper location ins ide  the loop fo r  unmodified s t a r t s  within 
the loop. 

84. Beginning of loop for additional se t s  of d i r e c t  input matrices 

86. CASE extracts  user requests from CASECC for  current loop 
2 2 2 89. MTRXIN se lec t s  the d i r e c t  input matrices fo r  the current loop, [K  1, [M 1 and [B 1. 
PP PP PP 

2 2 2 2 2 2 95. Equivalence [Mpp]  t o  [Mdd] ,  [B 1 t o  [Bdd]  and [ K  1 t o  [Kdd]  i f  no constraints applied. 
PP PP 

Equivalence [Mas] t o  [Mdd] i f  no d i rec t  input mass matrices and no extra  points,  and [Baa] 

t o  [Bdd]  i f  no d i r e c t  input damping matrices and no extra  points.  

97. Go t o  DMAP No. 99 i f  only extra  points defined. 

98. GKAD assembles s t i f f n e s s ,  mass, and damping matrices fo r  use in Direct Complex Eigenvalue 
Analysis 

Direct input matrices may be complex. 
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2 2 Equiva lence [Kdd] t o  [Kdd] i f  a l l  s t i f f n e s s  i s  D i r e c t  M a t r i x  I n p u t ,  [Mdd] t o  [Mdd] if a l l  
2 mass i s  D i r e c t  M a t r i x  I npu t  and [B  1 t o  redd] i f  a l l  damping i s  D i r e c t  M a t r i x  I n p u t .  dd 

Go t o  DMAP No. 131 and p r i n t  e r r o r  message i f  no E igenva l  ue E x t r a c t i o n  Data. 

CEAD e x t r a c t s  complex e igenvalues f rom t h e  equa t ion  

and normal izes e igenvec to rs  accord ing  t o  one o f  t h e  f o l l o w i n g  u s e r  requests  : 
(1  ) U n i t  magnitude o f  s e l e c t e d  coord i  na te  
(2 )  U n i t  magnitude o f  l a r g e s t  component. 

PlFP formats t h e  summary o f  complex e igenvalues and summary o f  e igenva lue  e x t r a c t i o n  i n f o r -  
mat ion  and p laces  them on t h e  system o u t p u t  f i l e  f o r  p r i n t i n g .  

Go t o  DMAP No. 124 i f  no e igenvalues found. 

VDR prepares e igenvec to rs  f o r  o u t p u t ,  u s i n g  o n l y  t h e  independent degrees o f  freedom. 

Go t o  DMAP No. 114 i f  no o u t p u t  r e q u e s t  f o r  t h e  independent degrees o f  freedom 

PFP formats t h e  e igenvec to rs  f o r  independent  degrees o f  freedom and p laces  them on t h e  
system o u t p u t  f i l e  f o r  p r i n t i n g .  

Go t o  DMAP No. 124 i f  no o u t p u t  r e q u e s t  i n v o l v i n g  dependent degrees o f  freedom o r  f o r c e s  and 
s t r e s s e s .  

Equiva lence t o  {@ 1 i f  no c o n s t r a i n t s  a p p l i e d .  
P 

Go t o  DMAP No. 119 i f  no c o n s t r a i n t s  a p p l i e d .  

SDRl recovers dependent components o f  e igenvec to rs  

and recovers  s i n g l e - p o i n t  f o r c e s  o f  c o n s t r a i n t  

SDR2 c a l c u l a t e s  e lement  f o r c e s  and s t r e s s e s  (PlESCl, gEFC1) and prepares e igenvec to rs  and 
s i n g l e - p o i n t  forces of c o n s t r a i n t  f o r  o u t p u t  (OCPHIP, OQPCl). 

122. OFP formats t a b l e s  prepared by SDR2 and p laces them on the  system o u t p u t  f i l e  f o r  p r i n t i n g .  

125. Go t o  DMAP No. 135 i f  no a d d i t i o n a l  s e t s  of d i r e c t  i n p u t  m a t r i c e s  need t o  be processed. 

126. Go t o  DMAP No. 84 i f  a d d i t i o n a l  s e t s  of d i r e c t  i n p u t  m a t r i c e s  need t o  be processed. 
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1 2 7 .  G o  t o  DMAP No .  1 2 9  a n d  p r i n t  e r r o r  m e s s a g e  i f  m o r e  t h a n  1 0 0  l o o p s .  

128. Go t o  DMAP No.  135 a n d  m a k e  n o r m a i  e x i t .  

1 3 0 .  DIRECT CBMPLEX EIGENVALUE ANALYSIS  ERRBR MESSAGE Ng .  2 - ATTEMPT T@ EXECUTE MORE THAN 1 0 0  
LBflPS . 

1 3 2 .  DIRECT CBMPLEX EIGENVALUE ANALYSIS ERRBR MESSAGE NO. 1 - EIGENVALUE EXTRACTIBN DATA 
REQUIRED FOR COMPLEX EIGENVALUE ANALYSIS .  

1 3 4 .  DIRECT CBMPLEX EIGENVALUE ANALYSIS  ERR@R MESSAGE NO. 3 - MASS MATRIX REQUIRED FBR WEIGHT 
AND BALANCE CALCULATIf lNS. 
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3 .8 .3  a>e A n a l y s i s  

3 .8 .3 .1  B i t  P o s i t i o n s  f o r  C a r d  Name R e s t a r t  T a b l e  

C a r d  Name 

AX I C 
CDAMPl 
CDAMP2 
CDAMP3 
CDAMP4 
CELAS l  
CELASZ 
CELAS3 
CELAS4 
CMASSl 
CMASS 2 
CMASS3 
CMASS4 
CQRDl C 
CPRDl R 
CPRDlS 
CPRD2C 
CPRD2R 
CgRD2S 
GRDSET 
G R I D  
Pg INTAX 
R I  NGAX 
SECTAX 
SEQGP 
SPBINT  
BAR0R 
BEAMgR 
CBAR 
CBEAM 
CCPNEAX 
CaNRPD 
CQoMEM 
CQDPLT 
CQUADl 
CQUAD2 
CRPD 
CSHEAR 
CTORDRG 
CTRAPRG 
CTRBSC 
C T R I A l  
CTRIA2  
CTR I ARG 

B i t  P o s .  

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

C a r d  Name 

CTRMEM 
CTRPLT 
CTUBE 
CTWI ST  
PBAR 
PBEAM 
PCgNEAX 
PQDMEM 
PQDPLT 
PQUADl 
PQUAD2 
PRPD 
PSHEAR 
PTP RD RG 
PTRBSC 
P T R I  A 1  
P T R I A 2  
PTRMEM 
PTRPLT 
PTUBE 
PTW I ST 
GENEL 
CgNM 1 
CPNM2 
PELAS 
PMASS 
MAT 1 
MAT 2 
MAT 3 
MATT 1 
MATT? 
MATT3 
TABLEMl 
TABLEM2 
TABLEM3 
TABLEM4 
TEMPMT$ 
TEMPMX$ 
MP C 
MP CAD D 
MPCAX 
MPC$ 
SPC 
SPCl  

B i t  P o s .  

2 
2 
2 
2 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
4 
5 
5 
6 
3 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
9 
9 
9 
9 

1 0  
1 0  

C a r d  Name 

SPCADD 
SPCAX 
SPC$ 
@ H I T  
0MITS 
@MI TAX 
PARAM 
SUP AX 
SUPBRT 
TEMP 
TEMPAX 
TEMPD 
WTMASS 
GRDPNT 
PLgTEL  
PLPT$ 
POUT$ 
ABUT$ 
LPI@P$ 
L0P)P1$ 
CflUPMASS 
NBLE1BP$ 
G 
E P 0 I N T  
SEQEP 
T F  
CVISC 
PDAMP 
PVISC 
DMIG 
B2PP$ 
K2PP$ 
M2PP$ 
T F$ 
E IGC 
EIGP 
CMETHBD$ 

B i t  P o s .  
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3.8.3.2 B i t  Pos.itiol?s for  F.ile Name R e s t a r t  T a b l e  

F i l e  Name - 

BGPDT 
CSTM 
EQEX I N  
GPDT 
GPL 
S I  L 
E CT 
GPTT 
ECPT 
EST 
G E I  
GPCT 
GPST 
K4GG 
KGGX 
BGG 
MGG 
KG G 
RG 
USET 
YS 
gGPST 
GM 
BNN 
K4NN 
KN N 
MN N 
BFF  
K4FF 
KFF 
KFS 
MFF 
BAA 
G0 
K4AA 
KAA 
K0V-3 
L@P 
MAA 
M0AB 
M0PB 

B i t  Pas.- 

94 
94 
94 
94 
9 4  
94 
95 
96 
97 
9 7 
9 7 
97 
98 
98 
9 8 
99 
99 

100 
101 
101 
101 
102 
103 
104 
104 
104 
104 
105 
105 
105 
105 
105 
106 
106 
106 
106 
106 
106 
106 
I06 
106 

File Name B i t  P o s .  

u!a@ 106 
EED 107 
EQDYN 107 
GPLD 107 
S I L D  107 
TFPflgL 107 
USETD 107 
CASEXX 108 
BPPP 109 
K2PP 109 
M2PP 109 
B2DD 110 
BDD 110 
GMD 110 
G@D 110 
K2DD 110 
KDD 110 
M2DD 110 
MDD 110 
CLAMA 11 1 
gCEIGS 111 
P H I D  111 
P P H I D  112 
CPHIP 113 
QPC 11 3 
PCPHIP 11 4 
gEFC1 114 
PESCl  114 
PQPC1 11 4 



RIGID FORMATS 

3 . 8 . 3 . 3  Card Name Restart Table -- - - - -- - - - - - -- - -- - ? - - - - 

- - - - - -- -- -- - - - - - -- -- - - - 
Bit Position 

Inst. - 1 ? 0 40 50 hO__-- __- 

BEG1 N 1234563890123456 89 1234 
F I L E  1234567890123456 89 1234 
GPL I - _ _ - - -. - __ -- - -- 
SAVE 1 
PURGE 1 --- -- 
CHKPNT B 
C OND 1 - .- -. -- - - 
G P2 12 45 6 8 
GHKPPIT L 4 5  6 . -- B - 
PLTSET 8 
SAVE 8 
PRTWSG 8 
CHKPNT 8 
SETVAL 8 
SAVE 8 -- - -- 
C OND 8 
PLOT 8 - 
PRTMSG 8 
LABEL B 
G P3 1 3 
CHKBNT 1 3 
TAL ,  1234567 89 
SAVE 1234567 89 
PURGE 1234567 8 9 
CHKPNT 1234567 89 
C CND 123 5678 4 5 
S M A l  123 6 9 
SAVE 123 6 8 
PURGE 123 6 8  
CHKPNT 123 6 8 
S MA2 123 5 7 8  4 4 8 9 --- 
SAVE 123 5 7 8  4 4 89 
PURGE 123 5 9 8  4 4 89 
CHKPNT 123 5 78 4 4 8 9 
C CND 123 5 7 8  4 5 - 
C GND 123 5 7 8  4 5  
G PHG 123 5 9 8  45 
OFP 123 5 48 45 
SAVE 123 5 7 8  4 5 
LABEL 123 5 7 45 
EfJU!V 123 6 9 -- 
CHKP&T 123 6 8 
C OND 1234 4 8 
SMA3 1234 6 8 
CHKPNT 1234 6 8  ---- 
LABEL 1234 6 8 
PAR AM 1 90 1 
G P4 1 991 
SAVE 1 901 
PURGE 1 90 1 
EOUI V 123456489 4 - 

CHKPMT 1 9 

SAVE 123  6 8 0 -- -- - -. -- - - - - - - - -- -- - - - - 
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DMAP B i t  Position 
Inst. 1 10 20 30 40 50 60 

LABEL 123 6 8 0 
C ON0 123456789 4 
MCE 1 1 9 
CHKPNT 1 9 
NCE2 123456789 4 89 
CHKPNT 123456789 4 89 
LABEL 123456789 4 89 
EQUI V 1234567890 4 89 
CHKPNT 1234567890 4 89 
C OND 1234567890 4 89 
SCE 1 1234567890 4 89 
CHKPNT 1234567890 4 8 9 
LABEL 1234567890 4 89 
EQUIV 12345678901 4 89 
CHKPNT 12345678901 4 89 
COND 1234567890 1 4 89 
SMPl 1234567890 1 4 89 
CHKPNT 12345678901 4 B9 
LABEL 12345678901 4 89 
D PD 1 90 1 7 1 
SAVE 1 90 1 7 1 
EQUI V 12345678901 234 67890 
CHKPNT 1 90 1 7 1 
PARAM 23 
PARAM 12345678901234 6 73 6789012 
JUMP 23 
S SS 1 3  
LABEL 1234567890123456 89 123 6789012 
PURGE 7 3 
CASE 1234567890123456 23 5 67890 12 
SAVE 1234567890 123456 73 5 6789012 
CHKPNT 1234567890123456 23 5 6789012 
MTRXIN 1 23 7 0 
SAVE 1 23 7 0 
PARAM 1 23 7 0  
PARAW 1 23 7 0 
PARAH 1 23 7 0  
PURGE 1234567890 1 234 67890 
EQUI V 1234567890 1 234 6 7 8 9 0  
CHKPNT 1234567890 1 234 67890 
C OND 12345678901 774 67890 
GKAD 12345678901 234 67890 
LABEL 12345678901 234 67890 
EQUIV 12345678901 234 67890 
CHKPNT 12345678901 234 67890 
C OND 1234567890 1 234 67890 
CEAD 12345678901 234 6789017 
SAVE 12345678901 234 6789012 
CHKPNT 12345678901 234 6789012 
OFP 12 34567890 1 234 6789012 
SAVE 12345678901 234 6789012 
C GND 1 
VDR 1 
SAVE 1 
C OND 1 
OFP 1 
SAVE 1 
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-- - - -- - - - - -- 
DMAP - - Bit Position 
Inse. 1 ______-A I u - 130.- --_YO-- -- _ _  _ _  -- 68 __ . - _  

LABEL ~-. 

COND 12345678901 
E Q U I  V P234587890__1__ -- 

C ON0 12345678901 
SORl 123456789_0:- -___ 234 - - --- A- --_6-7_8(2.u 2 
LABEL 1234567890 1 234 6789012 
CHKPNT 12345678961 -__-A34 . ._ - - - .  67896-12 -- 
SOR2 9 
OFP 9 -- - - - - - - . - - - - - - .-- -- 
SAVE 9 
LABEL 12345678901 234 - - -- 
C ON0 2 3 6789012 
$ ss 1 3  - -- -- - - - - - - - - -- - - - - - - - -- 
REPT 23 6783012 
S SS 1 3  - --- - - - - - - -- - - -- - - - -- - - - - - - -  
JUMP 23 
$ SS 1 3  - - -- - - -- - - -- 
JUMP 123456789C123456 89 1234 6789CL2 
LABEL - 2 3 --- -- -- - -- - -- - - - - - -- - 
SSS 1 3  
PRTPARP 2 3 - -- - - - -- 6789C12 - - -- 
$ SS 1 3  
LABEL 1234267890123456 89 1234 2189_012 
PRTPARH 1234567890124456 89 1234 6789C12 
LABEL - 1234567890123456 89 1234- - - - - -- - - - - 
PRTPARR 1234567890123456 89 1234 
LABEL 1234567890123456 89 1234 - -- - -- - - 6789412 - - - 

E MD 1234567890123456 89 1234 6789C12 
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3.8.3.4 Rigid  Format Change R e s t a r t  Table 

DMAP B i t  Pos i t i on  
I n s t .  6 3 30 80 

B E G [ &  
F ILE: 
G P 1  
SAVE 
PURGE 
C H K P h T  
C OND 
G P2  
C H K P h T  
P L T S E T  
SAVE 
PQTMSG 
C H K P A T  
S E T V A L  
SAVE 
C GNU 
P L c r  
PPTMSG 
L A B E L  
C P3 
CHKPIZT 
TAP t 
SAVE 
P bRt2 E 
CWKPNT 
C ChD 
S F A l  
S A V f  
P  LRG E 
C t i K P h T  
S PA2 
S A V E  
P b R 6  E 
CHKPNT 
C ON0 
C CNO 
G P k G  
O t P  
SAVE 
L A B E L  
F L U 1  V 
C t i K P N T  
C CFiD 
S P A 3  
C h K P k T  
L A B t  L  
PARA I, 
G P 4  
SAVE 
P LHG t 
E C U I  V 
ChKPiLT 
C CNO 
C L N U  
G PS P 
UFP 
S A V t  

DMAP B i t  Pos i t i on  
I n s t .  63 70 .--- 80 

L A B E L  
C QND 
MCE L 
C H K P h T  
MCE2 - - 
C H K P N T  
LBBE L 
E Q U I V  
Ct!KPEUT 
C CND 
S C E l  - - "  - - - --- - -  - 
CHKPFjT 
L A B E L  
E G U I  V 
C H K P N T  
C CNU 
s FtP l 
C H K P h V  
L A B t L  
D PO 
S A V t  
E C U l  V 
C H K P h T  
P AH k 1) 
PARAM 345678 C L 2 3 4  
JLPP 345678 $ 1 2 3 4  
LABEL 3 4 5 6 7 8  C L 2 3 4  
PbRGE 
C A S E  3 4 5 6 7 8  C 1 2 3 4  
S 4 V t  34547R $ 1 2 3 4  
C t I K P N T  345678 C t h 3 4  
MTESXIh 
snwt 
PARAC 
PARAC - -- -" - - --. - .-A - 
PP-RAN 
P L H G t  - 

E C U I  V 
GHKPhT - - 
C CNII 
GKAD 
LAf3EL 
E f L I V  
C h K P h T  
C CND 3 4 5 6 7 8  C 1 2 3 4  
C EAD 
SAVE 
C H K P N T  
U t P  
SAVE 
CCNl)  
V LR 
L A V E  
C CND 
O t P  
S A V E  
L A B E L  



R I G I D  FORMATS 

DMAP 
Inst ,  

C Clul) 
E G U I  V 
C CKI) 
S 12R I. 
L A B E L  
C H U P A T  
S C ' R Z  
tiFP 
S A V E  
LABEI. 
C ch'u 
HFPT 
J b M P  
JLPP 
LABEL 
PRTPARFI. 
LABEL 
P R T P A R M  
LABEL 
PHTPARP 
LABEL 
E F;D 

B i t  P o s i t i o n  
63 70 80 
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3.8 .3 .5  F i l e  Name R e s t a r t  Table 

DMAP B i t  P o s i t i o n  
I n s t .  94 100 110 

B E G I N  
F I L E  
G P 1  
S AVI: 
PCKGE 
CHKPFjT 
c cn;n 
G P2 
C H K P h T  
P L T S E T  
SAVE 
P R T P S G  
C l I K P h T  
S t T V A L  
SAVE 
C  ClVU 
P  L C 1  
PRTMSG 
L A B t L  
(; P 3  
C F K P h T  
T A l .  
SAVE 
P  UI<G E 
C H K P h T  
C  G N U  
S P A 1  
SAVE 
P L R G i  
C t l K P N T  
S P A 2  
S 4VE 
P \.KGC 
C H K P h T  
C  CND 
C  L N D  
G PhG 
OFP 
SAVE 
L A B E L  
E G U I V  
C H K P h T  
C  CNO 
S P A 3  
CI1KPhT 
L A B k  L  
F A R A C  
(; P4 
S A V t  
PURGE 
k C U i  V 
C H K P h V  
C  GNU 
c ClNO 
GPSP 
O F P  
S A V t  

DFlAP B i t  P o s i t i o n  
120 I n s t .  94 - 100 -- - -- 1  Q _ _  _ 

L A B t  L  
C  CNO 
MCE 1 
C H K P h T  
MCEZ 
C H K P N T  
L A B E L  
E L U I  V  

SCE 1 - - - 5 - - -- - -- --+ 

CbKPhlT  5 
L A 8 E  L  
E C U I  V  
C H K P h T  
C  CND 

L A B E L  
D PD 
SAVE 
F C U I  V 
C t1KPhT 
PARAC 
P A R A P  
J U P P  
L A B E L  
PURGE 
c A S t  - - - - - - - 
SAVE 
C H K P N T  - 

M T R X I N  
SAVE 
PARAP 
PARAP - 
PARAP 
P b R G E  
E C U I V  
C h K P K T  
C  CND 
GRAD 
L A B E L  
E L U I V  
C I i K P N T  
C  CtQD 
L E A D  
SAVE 
CI-iKPhT 
OFP 
S A V t  
C  CNO 
VGK 
SAVE 
C ChD 
OFP 
SAVE 
L A B E L  



RIGID FORMATS 

DMAP 
I n s t .  

c CKU 
I I? ;U IV  
C  ON0 
S O R l  
LABEL 
CPKPNT 
SIIRZ 
OFP 
S A V E  
LADE L 
C  CNb 
R t P T  
JLMP 
JUPP 
LABEL 
PRTPARP 
LABEL 
P R T P A R C  
LABEL 
PHTPARM 
L ABEL 
EhD 

Bit Pos i t ion  
94 100 110 



D I R E C T  COMPLEX EIGENVALUE A N A L Y S I S  

Each complex eigenvalue i s  identified with a root number determined by sorting the complex 

eigenvalues according t o  the magnitude of the imaginary part ,  with positive values considered 

as a group ahead of a l l  negative values. The following summary of the complex eigenvalues 

extracted i s  automatically printed for  each s e t  of direct  input matrices : 

1. Root Number 

2.  Extraction Order 

3. Real and Imaginary Parts of the Eigenvalue 

4. The coeffi cients f . (frequency) and g . (damping coeff icient  ) in the following representa- 
J J 

tion of the ei genval ue 

The following summary of the eigenvalue analysis performed using the Determinant method i s  

automatically printed for  each s e t  of direct  input matrices: 

1.  Number of eigenvalues extracted 

2. Number of passes through s tar t ing points. 

3. Number of c r i t e r i a  changes. 

4. Number of s ta r t ing  point moves. 

5 .  Number of triangular decompositions . 

6, Number of fai 1 ures to  i t e r a t e  t o  a root. 

7. Number of predictions outside region. 

8. Reason for  termination: 

(1) The number of roots desired have been found. 

(2) A1 1 predictions for  eigenval ues are outside the regions specified. 

( 3 )  Insufficient time t o  find another root. 

(4) Matrix i s  singular a t  f i r s t  three s tar t ing points. 

9. Swept deteminant functions for  each s tar t ing point. 



RIGID FORMATS 

The following sunwnary of the eigenvalue analysis performed, using the Inverse Power method, 

i s  automatically printed for each region specified: 

1 . Number of ei genval ues extracted. 

2. Number of s tar t ing points used. 

3. Number of s tar t ing point moves. 

4. Number of triangular decompositions . 
5. Number of vector i terat ions.  

6. Reason for  termination. 

Two consecutive singul ari  t i  es encountered while performing triangular decomposition. 

Four s tar t ing point moves while tracking a single root. 

All eigenvalues found in the region specified. 

Three times the number of roots estimated in the region have been extracted. 

All eigenvalues that  ex is t  in the problem have been found. 

The number of roots desired have been found. 

One or more eigenval ues have been found outside the region specified. 

insufficient time to  find another root. 

Unable to converge. 

3.8.5 Case Control Deck and Parameters for  Direct Complex Eigenval ue Analysis 

The following i tems re la te  to  subcase definition and data selections for  Direct Complex 

Eigenvalue Analysis. 

1. A t  least  one subcase must be defined for each unique s e t  of direct input matrices (K2PP, 

MPPP, B2PP). 

2. Multiple subcases for  each se t  of direct input matrices are used only to control output 

requests. A single subcase f o ~  each s e t  of direct  input matrices i s  suff icient  i f  the 

same output i s  desired For a l l  modes, If consecutive mu1 t ip le  subcases are present for 

a single s e t  of direct  input matrices, the output requests will be honored in succession 

for  increasing mode numbers. MgDES may be used to repeatsubcases in order to  make the 

same output request for several consecutive modes. 
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3. CMETHgD must be used t o  se lec t  an EIGC card from the Bulk Data Deck for  each s e t  of 

direct  input matri ces . 

4. On res ta r t  following an unscheduled ex i t  due t o  insuff icient  time, the subcase structure 

must be changed to re f lec t  the sets  of direct  input matrices tha t  were completed, and 

e i ther  CMETHaD must be changed to se lec t  an EIGC card tha t  ref lects  any complex eigen- 

values found in the previous execution or EIGP cards must be used to  inser t  poles for  

previously found ei enval ues . Otherwise, the previously found ei genval ues wi 11 be 

extracted again . 
5. Constraints must be defined above the subcase level.  

The following printed output, sorted by complex eigenval ue root number (SfIRT1) , may be 

requested for  any complex eigenval ue extracted, as e i ther  real and imaginary parts or  magnitude 

and phase angle (0" - 360" lead): 

1. The eigenvector for  a l i s t  of PHYSICAL points (grid points and extra scalar  points intro- 

duced for  dynamic analysis) or SgLUTION points (points used in formulation of the general 

K system). 

2. Nonzero components of the single-point forces of constraint for a l i s t  of PHYSICAL points. 

3. Stresses and forces in selected elements. 

In addition an undeformed plot of the structural model may be requested. 

The following parameters are used in Direct Complex Ei genval ue Analysis : 

1. GRDPNT - optional - a positive integer value of th i s  parameter wi 11 cause the Grid Point 

Weight Generator t o  be executed and the resulting weight and balance information t o  be 

printed. 

2. IrlTMASS - optional - the terms of the mass matrix are multiplied by the real value of th i s  

parameter when they are  generated in SMA2. 

3.  - G - optional - the real value of this parameter i s  used as a uniform structural damping 

coefficient in the direct  fornulation of dynamics problems. 

4. CgUPMASS - optional - a positive integer value of th i s  parameter will cause the generation 

of coupled mass matrices rather than lumped mass matrices fo r  a l l  bar elements, rod 

elements, and plate elements that  include bending s t i f fness  (see section 3.1 for  l i s t  o f  

elements). 

3.8-23 (3/1/70) 



3.9 DIRECT FREQUENCY AND RANDOM RESPONSE 

3.9.1 DMAP Sequence For Direct Frequency and Random Response 

H I G I D  FORMAT 8 

N A S T R A N  ~ O U R C E  P R O G R A M  C O M P E L A T I O N  
DMAP-DMAP INSTRUCTION 

NO, 

1 BEGIN N0,8 DIRECT FREQUENCY RESPONSE ANALYSES - SERIES L B 

4 SAVE LUSETvNOGPDTB 

5 PURGE U S E T ~ G M I G O V K A A P B A ~ P M A A ~ K ~ A A I K F ~ ~ P S F ~ Q P C V S / G P D  B 

9 CHKPNT ECT $ 

10 PLTSET PCDB,EQEXIN~ECT/PLTSETXPPLTPARWGPSETSVELSET/VVNNIL/  VpNt 
JUMPPLOT $ 

11 SAVE NSILpdUMPPLOT B 

1 2  PRTMSG PLTSETX//B 

1 3  CHKPNT PLTPARtGPSETStELSETS B 

1 4  SETVAL / / V , N I P L T F L G / C P N ~ ~ / V I N ~ P F ~ L E / C ~ N ~ O  $ 

1 5  SAVE PLTFLGtPFILE B 

1 6  COND PIPJUMPPLOT $ 

1 8  PRTMSG PLOTX1//$ 

19 LABEL P l $  

21 CHKPNT GPTTB 

23 SAVE NOSIMPVNOGENLIGENELB 



C i - w C n  0 
x c s .  0 
x w c  Z 
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z m 
4 



D I R E C T  FREQUENCY AND RANDOM RESPONSE 

RIGID FORMAT DMAP LISTING 
SERIES L 

RIGID FORMAT 8 

N A S T R A N  S O U R C E  P R O G R A M  C O M P I L A T I O N  
BMAP-DMAP INSTRUCTION 
NO, 

V , N ~ R E P E A T / V ~ N ~ N O S E T = - ~ / V V N V N O L / V I N I N O A = ~  Ti 

49 SAVE M P C F ~ ~ S I N G L E ~ O M I T ~ N O S E T I H E A C T I M P C F ~ & K I P ~ R E P E A T ~ N O L ~ N O A ~  

50 PURGE G M ~ G M D / M P C F ~ / G O ~ K O O ~ ~ L O O ~ U O O ~ M O O ~ ~ M O ~ B P G O D / O M I T / K F S ~ P S F ~ Q P C /  
SINGLES 

51 EQUIV KGGtKNN/MPCFl/MGGlMNN/MPCFl/ BGG,BNN/MPCFl/KYGG,K4NN/MPeF1B 

52 CHKPNT G M t R G t G O t ~ ~ ~ ~ ~ ~ O ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ P C ~ E ~ G D ~ ~  KNNt 
MNNtBNNtK4NN Ti 

53 COND LRL4,GENEL 8 

54 COND LBL4 t NOSIMP B 

55 GPL P GPST . USET , SIL/OGPST Ti 

56 OFP OGPSTIII?I//VPNICARDNO Ti 

57 SAVE CARDNO Ti 

58 LABEL LBLIl 3 

59 COND LBL2,MPCFl S 

61 CHKPNT GM B 

62 @ USET I GM , KGG I MGG t EGG, K~GG/KNN, MNN P BNN 1 K ~NNs 

63 CHKPNT KNNpMNNtBNNtK4NN B 

64 LABEL LBL2 S 

65 EQUIV KNN~KFF/SINGLE/MNN~MFF/SINGLE/BNNPBFF/SINGLE/K~NNIK~FF/SINGLE$ 

66 CHKPNT KFF~MFFIBFFIK~FF Ti 

67 COND LBL3vSINGL.E B 

68 USET I KNN , MNN t BNN vK4NNIKFF ,KFS 9 P MFF , BFF t KQFFS 
69 CHKPNT KFSIKFFVMFFVBFFPK~FF S 

70 LABEL LBL3 B 

71 EQUIV KFFIKAA/OM~~/MFFIMAA/OMIT/BFF~BAA/OMIT/K~FFPK~AA/OMIT% 

72 CHKPNT KAAtMAAvBAAvK4AA '5 

93 COND LBL5,QMIT I$ 
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DIRECT FREQUEPJCY AND WNDUE.1 RESPONSE 

R I G I D  FORMAT DMAP L IST ING 
S k R l k S  L 

R I G I D  FORMAT 8 

N A S T R A N  S O U R C E  P R O G R A M  C O M F J X L A T I O N  
DMAP-DMAP INSTRUCTION 

1.10, 

98 U S E T D ~ G M ~ G O P K A A P B A A ~ M A A P K ~ A A P K ~ P P P M ~ P P ~ B ~ P P / K D D V B D D P M D D V G M D ~  
G O D I K ~ D D P M ~ D D P B ~ D D / ~ ~ N I F R E Q R E S P / C ~ N B D I S P / C ~ N ~ D ~ R E C T / C ~ Y ~ G = O , O /  
C ~ N B O ~ O / C ~ N , O ~ O / V ~ N P N O K ~ P P / V ~ N ~ N O M ~ P P / V ~ N N O B ~ P P /  VvN@MPCFl/V, 
N ~ S ~ N G ~ E / V ~ ~ . ~ ~ Q M I T / V ~ N ~ N O I J E / V P N P N O K ~ G G / V P P ~ ~ N O B G G /  VvNvKDEK2/CrN, 
-1 $ 

99 LABEL LBL18S 

1 0 1  CHKPNT KDDvBDDBMDD~GMD~GOD $ 

1 0 2  CQNO ERRORltNOFRLB 

105 EQUIV PPFpPDF/NOSET B 

1 0 6  CHKPNT PSFpPPFeUDVFtPDF B 

1 0 7  CASEXX1EQDYNvUSETDrUDVFsPPFtXYCDR~/OUDVC1~/C~NeFREQRESP/C~ l~~  
DPRECI/V~NpN05ORT2/VvNsNOD/V~NpNOP/C~NvO B 

1 0 8  SAVE NODBNOPPNOSORT~ $ 

1 0 9  COND LBbl5vNOD B 

1 1 0  COND LBL15AtNOSORT2 $ 

1 1 3  OFP OUDVC2,errs//VvNpCARDNO $ 

1 1 4  SAVE CARDNO $ 

1 1 5  CHKPNT OUBVC2 $ 



RIGID FORMATS 

R I G I D  FORMAT DMAP L I S T I N G  
SERIES L 

R I G I D  FORMAT 8 

N A S T R A N  S O U R C E  P R O G R A M  C O M P I L A T I O N  
DMAP-DMAP INSTRUCT ION 

NO, 

1 2 1  OFP OUDVC~VIFVP//VIN,CARDNO B 

1 2 2  SAVE CARDNO B 

1 2 3  LABEL LBL15 B 

1 2 4  COND LBLlGtNOP B 

1 2 5  EQUIV UDVFIUPVC/NOA B 

1 2 6  COND LBL19vNOA B 

1 2 8  LABEL LBL19B 

1 2 9  CHKPNT UPVCtQPC B 

1 3 1  SAVE NOSORT2 %i 

1 3 2  COND L B L ~ ~ I N O S O R T ~  B 

1 3 4  CHKPNT O P P C ~ ~ O Q P C ~ ~ O U P V C ~ I O E S C ~ ~ O E F C ~  B 

1 3 5  OFP O P P C ~ ~ O Q P C ~ ~ O U P V C ~ ~ O E F C ~ P O E S C ~ I / / V I N ~ C A R D N O  3 

1 3 6  SAVE CARDNO B 

137 @ XYCDB t OPPC2 P OQPC2v OUPVC?,OESC2,OEFCP/XYPLTF/C Q N,FREQ/C ,Nv PSET/ 
V~NIPFILE/VINICARDNO B 

1 3 8  SAVE PFILEICARDNO B 

1 4 0  COND LBLlhtNOPSDL B 

1 4 1  XYCDB IDIT, PSDLe OUPVC2, OPPC2 v OQPC2 v OESC2 0 OEFC2 , CASEXXIPSDF, AUTO/ 
VvNeNORD B 

1 4 2  SAVE NORD S 

1 4 3  CHKPNT PSDFtAUTO B 

144 COND bRbl6,NORD $ 
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R I G I D  FORMAT DMAP L IST ING 
SERIES I, 

R I G I D  FORMAT 8 

N A S T R A N  S O U R C E  P R O G R A M  C O M P I L A T I O N  
DMAP-DMAP INSTRUCTION 

NO I 
CARDNO S 

1 4 6  SAVE PFILEeCARDNO B 

1 4 7  XYPLTR// I 

1 4 8  JUMP L B L l G  B 

1 4 9  LABEL LBL17 B 

1 5 0  OFP O U P V C ~ I O P P C ~ ~ O Q P C ~ ~ O E F C ~ ~ O E S C ~ ~ / / V , N , C A R D N O  5 

1 5 1  SAVE CARDNO TI 

1 5 2  LABEL L B L l 6  B 

1 5 4  REPT LBL13e100 I 

1 5 5  JUMP ERROR3 $ 

1 5 6  JUMP F I N I S  S 

1 5 7  LABEL ERROR3 3 

1 5 8  PRTPARM //CeNe-S/CeNpDIRFRRDS 

1 5 9  LABEL ERROR29 

1 b 0  PRTPARM //CtNe-2/CtNeDIRFRRD$ 

161 LABEL ERRORlI  

1 6 2  PHTPARM / /C~NI -~ /CPIJ~OIRFRRDS 

1 6 3  LABEL ERROR*$ 

1 6 4  PHTPARM / / C ~ N ~ - ~ / C ~ N V D I R F R R D B  

1 6 5  LABEL F I N I S S  

1 6 6  END S 
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3.9.2 D e s c r i p t i o n  o f  DMAP Operif.tions f o r  D i r e c t F r e q u e n c y  and Raildoin 9 0 n s e  

3. GP1 generates c o o r d i n a t e  system t r a n s f o r m a t i o n  m a t r i c e s ,  t a b l e s  o f  g r i d  p o i n t  l o c a t i o n s ,  
and t a b l e s  f o r  r e l a t i n g  i n t e r n a l  and e x t e r n a l  g r i d  p o i n t  numbers. 

7. Go t o  DMAP No. 74 i f  o n l y  D i r e c t  M a t r i x  I n p u t .  

8. GP2 generates Element Connect ion Table w i t h  i n t e r n a l  i n d i c e s  

10. PLTSET t rans fo rms user  i n p u t  i n t o  a .forin used t o  d r i v e  s t r u c t u r e  p l o t t e r .  

12. PRTMSG p r i n t s  e r r o r  messages assoc ia ted  wi t h  s t r u c t u r e  p l o t t e r .  

16. Go t o  DMAP No. 19 i f  no undeformed s t r u c t u r e  p l o t  r e q u e s t .  

17. PLgT generates a l l  reques ted  undeformed s t r u c t u r e  p l o t s .  

18. PRTMSG p r i n t s  p l o t t e r  da ta  and eng ineer ing  da ta  f o r  each undeformed p l o t  generated. 

GP3 generates G r i d  P o i n t  Temperature Table.  

TA1 generates e lement  t a b l e s  f o r  use i n  m a t r i x  assembly and s t r e s s  recovery .  

Go t o  DMAP No. 40 i f  t h e r e  a re  no s t r u c t u r a l  elements. 

4  SMAl generates s t i f f n e s s  m a t r i x  [KX 1, s t r u c t u r a l  damping m a t r i x  [K ] and G r i d  P o i n t  
S i n g u l a r i t y  Table.  gg gg 

SMA2 generates mass m a t r i x  [M 1 and v iscous damping m a t r i x  [B 1. 
g g 9 9 

Go t o  DMAP No. 40 i f  no we igh t  and balance reques t .  

Go t o  BYAP No. 165 and p r i n t  e r r o r  message i f  no inass m a t r i x  e x i s t s .  

GPWG generates w e i g h t  and balance i nfor i r?at i  on. 

OFP formats w e i g h t  and balance i n f o r m a t i o n  and p laces  i t  on t h e  system o u t p u t  f i l e  f o r  
p r i n t i n g .  

Equiva lence [K' 1 t o  [ K  ] i f  no genera l  elements. 
9  9 93 

Go t o  m1AP No. 46 i f  no genera l  elements. 

SMA3 adds genera l  elements t o  [KX 1 t o  o b t a i n  s t i f f n e s s  l n a t r i x  [K 1. 
9 9 9 9 

GP4 generates f l a g s  d e f i n i n g  members o f  va r ious  d isp lacement  s e t s  (USET) and forms mu1 ti - 
p o i n t  c o n s t r a i n t  equat ions [ R  ] {u  1 = 0 .  

9 9 
4 4 

Equiva lence [K 1 t o  [K,,], [M 1 t o  [Mnn], [B I t o  [Bnn] and [K 1 t o  [Knn] i f  no m u l t i  - 
99 g 9 9 9 99 - 

p o i n t  c o n s t r a i n t s  . 
Go t o  WIAP No. 58 i f  genera l  elements p resen t .  

Go t o  DMAP No. 58 i f  no s t r u c t u r a l  e lements.  

GPSP determines if p o s s i b l e  g r i d  p o i n t  s i n g u l a r i  t i e s  remain. 

PFP formats t h e  t a b l e  o f  p o s s i b l e  g r i d  p o i n t  s i n g u l a r i t i e s  and p laces  i t  011 the  system o u t p u t  
f i l e  f o r  p r i n t i n g .  

Go t o  D4AP No. 6@ i f  MCE l  and MCE2 have a l ready  beer] executed f o r  c u r r e n t  s e t  o f  m u 1  t i -  
poi  n t  c o n s t r a i n t s .  
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60. MCEl pa r t i t ions  mu1 t ipo in t  constra int  equations [ R  ] = [ R m  I R n ]  and solves fo r  mu1 t i  point 
9 

constrai n t  transformation matrix [Gm] = - [R~] - '  [ R ~ ] .  

61:  MCE2 par t i t ions  s t i f f n e s s ,  mass and damping matrices 

4 and [Kgg] = 

and performs matrix reductions 
T T T 

[ K n n ]  = [inn] + [GmIIKmnl + [KmnIIGmI + ['mIIKmml[GmI~ 
T T T M n  = [fin,] + [Gml[Mmnl + [Mmnl[Gml + [GmIIMmml[Gml, 

T T T [ B n n ]  = [inn] + [GmIIBmnI + [BmnIIGmI + [GmIIBmnIIGmI 5 

4 T 4 4 T T 4 [Knn]  = [i:,] + [ G m l [ K m n l  + [KmnI [Gml + [~ml~Kml[Gml~ 

4 4 
65. Equivalence [Knn]  t o  [Kff13 [ M n n ]  t o  E M f f ]  [Bnn]  to [ B f f ]  and [ K n n ]  to  [ K f f ]  i f  no single- 

point constra ints .  

67. Go t o  MAP No. 70 i f  no s i  ngle-poi n t  constraints 

68. SCEl pa r t i t ions  out single-point constraints 

4 4 
71. Equivalence [ K f f ]  t o  [Kaa]  [Mffl t o  E M a a ] >  [ B f f l  t o  [ B a a l  and [ K f f l  t o  [Kaal i f  no omitted 

coordinates. 

73. Go t o  MAP No. 76 i f  no omitted coordinates. 
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SMPl pa r t i t i ons  constrained s t i f f n e s s ,  mass and damping matrices.  

1 solves f o r  transformation matrix [Go] = -[KO,]- [KO,] 
and performs matrix reductions 

DPD generates f lags  defining members of various displacement s e t s  used in  dynamic analys is  
(USETD) , tables  r e l a t ing  in ternal  and external  g r id  point  numbers, including ext ra  points 
introduced fo r  dynamic analysis , and prepares Transfer Function Pool, Dynamics Load Table, 
Power Spectral  Density List and Frequency Response L i s t .  

d d Equivalence [Go] t o  [Go] and [G,] t o  [Gml i f  no ext ra  points introduced f o r  dynamic analys is .  

Go t o  next DMAP i n s t ruc t ion  i f  cold s t a r t  or  modified r e s t a r t .  LBL13 wi l l  be a l t e red  by 
the Executive System t o  the  proper location ins ide  the  loop f o r  unmodified s t a r t s  within 
the loop. 

Beginning of loop f o r  addit ional  s e t s  of d i r e c t  input matrices.  

CASE ex t rac t s  user requests from CASECC f o r  current  loop. 

2 2 2 MTRXIN s e l e c t s  the  d i r e c t  input matrices f o r  the  current  loop, [ K  1 ,  [M 1 and [B  1. 
PP PP PP 

2 2 2 2 2 2 Equivalence [M I t o  [Mdd],  [B  1 t o  [ B d d l  and [ K  1 t o  [ K d d ]  i f  no const ra in ts  applied. PP PP PP 
Equivalence [Mas] t o  [Mdd] if no d i r e c t  input mass matrices and no ex t ra  points ,  and [Baa]  

t o  [Bdd]  i f  no d i r e c t  input damping matrices and no ext ra  points .  

Go t o  DMAP No. 99 i f  only ext ra  points defined. 

GKAD assembles s t i f f n e s s ,  mass, and damping matrices f o r  use in  Direct  Frequency Response 

Direct input matrices may be complex. 
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2 2 100. Equivalence [Kdd]  t o  [ K d d ]  i f  a l l  s t i f fness  i s  Direct Matrix Input, [ M d d ]  to  [ M d d ]  i f  a l l  
2 mass i s  Direct Matrix Input and [Bdd]  t o  [Bdd]  i f  a l l  damping i s  Direct Matrix Input. 

102. Go t o  MAP No. 163 and p r in t  e r ro r  message i f  no Frequency Response L i s t .  

103. Go t o  MAP No. 161 and p r in t  e r ro r  message i f  no Dynamics Load Table. 

104. FRRD forms the dynamic load vectors {Pd} and solves for  the displacements using the follow- 
ing equation 

105. Equivalence {P 1 t o  { P d l  i f  no constraints applied. 
P 

107. VDR prepares displacements, sorted by frequency, fo r  output using only the independent 
degrees of freedom. 

109. Go t o  MAP No. 123 i f  no output request fo r  the independent degrees of freedom. 

110. Go t o  DMAP No. 120 i f  no output request f o r  independent displacements sorted by point 
number. 

112. SDR3 sor t s  the independent displacements by point number. 

113. 0FP formats the requested independent displacements sorted by point number and places them 
on the system output f i l e  for  pr int ing.  

116. XYTRAN prepares the input for  X-Y p lot t ing of the independent displacements vs. frequency. 

118. XYPLflT prepares the requested X-Y plots of the independent displacements vs. frequency. 

121. 0 F P  formats the requested independent displacements sorted by frequency and places them on 
the system output f i l e  for  pr int ing.  

124. Go t o  DMAP No. 154 i f  no output request involving dependent degrees of freedom or forces and 
s t resses .  

125. Equivalence Iudl t o  {u 1 i f  no constraints applied. 
P 

126. Go t o  DMAP No. 128 i f  no constraints applied. 

127. SDRl recovers dependent components of displacements 

T 
and recovers single-point forces of constraint  {qsl = -{PSI + [Kfs]Euf i  * 
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SDR2 calculates element forces and s t resses  (BESC1, tlEFC1) and prepares load vectors,  d i s -  
placement vectors and single-point forces of constra int  fo r  output (@PPCl, gQPC1, pUPVC1) - 
a l l  sorted bj i  frequency. 

Go t o  DMAP No. 151 i f  no output requests sorted by point number or  elernent number. 

SDR3 prepares requested output sorted by point nunber o r  element number. 

PFP formats the requested output sorted by point number or element number and places i t  on 
the system output f i l e  f o r  pr int ing.  

XYTRAN prepares the input for  requested X-Y p lots .  

XYPLPT prepares the requested X - Y  plots of displacements, forces ,  s t r e s s e s ,  loads or single- 
point forces of constra int  vs . frequency. 

Go t o  DMAP No. 154 i f  no Power Spectral Density Lis t .  

RANDPM calculates power spectral  density functions and autocorrelation functions using the 
previously calculated frequency response. 

Go t o  DMAP No. 154 i f  no RANDPM calculations requested. 

PFP formats outputs of RAND9M according to  user request and places them on the system 
output f i l e  for  printing. 

XYTRAN prepares the input for  requested X-Y plots of the RANDOM output. 

XYPLPT prepares the requested X - Y  plots of autocorrelation functions and power spectral  
density functions . 
Go t o  DMAP No. 154 i f  no frequency response output requests sorted by frequency 

PFP formats frequency response output requests sorted by frequency and places them on the 
system output f i l e  for  printing. 

Go t o  DMAP No. 167 i f  no additional se t s  of d i rec t  input matrices need t o  be processed. 

Go t o  DMAP No. 84 i f  additional se t s  of d i r e c t  input matrices need to  be processed. 

Go t o  DFIAP No. 159 and p r in t  e r r o r  message i f  more than 100 loops 

Go t o  DMAP No. 167 and make normal e x i t .  

DIRECT FREQUENCY AND RANDPM RESPgNSE ERROR MESSAGE Ng. 3 - ATTEMPT T@ EXECUTE MgRE THAN 
100 L@PPS. 

DIRECT FREQUENCY AND RANDPM RESPPNSE ERRPR MESSAGE N9. 2 - DYNAMIC LOADS TABLE REQUIRED 
FOR FREQUENCY RESPPNSE CALCULATIPNS. 

DIRECT FREQUENCY AND RANDPM RESPBNSE E R R @ R  MESSAGE NP. 1 - FREQUENCY RESPPNSE LIST REQUIRED 
FOR FREQUENCY RESPONSE CALCULATI@NS . 
DIRECT FREQUENCY AND RAND@M RESPPNSE ERRBR MESSAGE N@. 4 - MASS MATRIX REQUIRED FPR WEIGHT 
A N D  BALANCE CALCULATIONS. 
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3 . 9 . 3  R e s t a r t  T a b l e s  f o r  D i r e c t  F r e q u e n c y  a n d  Random R e s p o n s e  

3 . 9 . 3 . 1  B i t  P o s i t i o n s  f o r  C a r d  Name R e s t a r t  T a b l e  

C a r d  Name 

A X I C  
CDAMPl 
CDAMP2 
CDAMP3 
CDAMP4 
CE LAS 1 
CELAS2 
CELAS3 
CELAS4 
CMAS S 1 
CMASSP 
CMAS S 3 
CMASS4 
CORD1 C 
CORD1 R 
CORD1 S 
C0RD2C 
CPRD2R 
C0RD2S 
GRDSET 
G R I D  
PO INTAX 
RINGAX 
SECT AX 
SEQGP 
SPOINT 
BAR0 R 
BEAMOR 
CBAR 
CBEAM 
CCPNEAX 
CONROD 
CQ DM EM 
CQ DP L T  
CQUAD 1 
CQUAD2 
CR0D 
CSHEAR 
CTORDRG 
CTRAPRG 
CTRBSC 
C T R I  A1 
C T R I  A 2  
C T R I  ARG 
CTRMEM 
CTRP L T  
CTUBE 
CTWIST 

B i t  P o s  . C a r d  Name 

PBAR 
PBEAM 
PCgNEAX 
PQDMEM 
PQDPLT 
PQUADl 
PQUADZ 
PR0D 
PSHEAR 
PTORDRG 
PTRBSC 
P T R I A l  
P T R I A 2  
PTRMEM 
PTRPLT 
PTUBE 
PTW I S T  
GENEL 
CgNMl 
CBNM2 
PELAS 
PMASS 
MAT 1 
MAT 2 
MAT 3 
MATT1 
MATT2 
MATT3 
TABLEMl  
TABLEM2 
TABLEM3 
TABLEM4 
TEMPMT$ 
TEMPMX$ 
MPC 
MP CAD D 
MPCAX 
MPC$ 
SPC 
SPC l  
SPCADD 
SPCAX 
SPC$ 
@MI T 
OMIT1  
@MI  TAX 
PARAM 
SUP AX 

B i t  P o s  . 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
4 
5 
5 
6 
7 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
9 
9 
9 
9 

1 0  
10 
1 0  
1 0  
10 
7 1  
1 1  
11 
1 2  
1 2  

C a r d  Name 

SUPg RT 
TEMP 
TEMPAX 
TEMPD 
WTMASS 
GRDPNT 
PLBTEL  
PLBT$ 
PBUT$ 
XYBUT$ 
ABUT $ 
LBBP$ 
L!WJPl$  
COUPMASS 
NBL0BP$ 
RANDOM$ 
TABRNDl  
TABRNDZ 
TABRND3 
TABRND4 
RANDPS 
RANDT l  
RANDT2 
G 
E P B I N T  
SEQEP 
T F 
C V I S C  
PDAMP 
P V I S C  
B2PP$ 
DMIG 
K2PP$ 
M2PP$ 
T F $  
DAREA. 
DELAY 
DL@AD 
DPHASE 
FREQ 
F R E Q l  
FREQ2 
RLOAD1 
RLoAD2 
TABLED1 
TABLED2 
TABLED3 
TABLED4 
DL@AD$ 
FREQ$ 

B i  t P o s  . 
1 2  
1 3  
1 3  
1 3  
1 4  
1 5  
1 6  
1 8  
1 9  
2 0  
2 1  
2 2  
2 3  
2 4  
2 5  
2 6  
5 4  
5 4 
5 4 
5 4 
5 5  
5 5 
5 5 
5 6  
5 7 
5 7 
5 7  
5 8 
5 9 
5 9 
6 0  
6 0  
6 0 
6 0  
6 0 
6 1  
6 1  
6 1  
6 1  
6 1  
6 1 
6 1 
6 1 
6 1 
6 1  
6 1  
6 1  
6 1  
6 2  
6 2 
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3.9.3.2 B i t  Pos i t ions  f o r  F i l e  Name Restar t  Table 

F i l e  Name 

BGPDT 
CS TM 
EQEX I N 
GPDT 
GPL 
SIL 
ECT 
GPTT 
ECPT 
EST 
GEI 
GP CT 
GPST 
K4GG 
KGGX 
BGG 
MGG 
KGG 
RG 
USET 
YS 
BGPST 
GM 
BNN 
K4NN 
KN N 
MN N 
BFF 
K4FF 
KFF 
KFS 
MFF 
BAA 
G0 
K4AA 
KAA 
K0bB 
LBB 
MAA 
MQAB 
M0@B 
u0b 

B i t  Pos. 

9 4 
94 
94 
94 
9 4 
94 
95 
96 
97 
97 
97 
97 
98 
98 
98 
99 
99 

100 
101 
101 
101 
102 
103 
104 
104 
104 
104 
105 
105 
105 
105 
105 
106 
106 
106 
106 
106 
106 
106 
106 
106 
106 

F i  1 e Name 

DLT 
EQDYN 
FRL 
GPLD 
PSDL 
SILD 
TFPBBL 
USETD 
CASEXX 
B2PP 
K2PP 
M2PP 
BPDD 
BDD 
GMD 
G0 D 
K2 DD 
KDD 
M2DD 
MDD 
PDF 
PP F 
PS F 
UDVF 
BUDVCl 
gUDVC2 
QP c 
UPVC 
BEFC1 
gESCl 
BPPC1 
BQPCl 
aupvci 
BEFC2 
flESC2 
PPPC2 
BQPC2 
BUPVC2 
PSDF 
AUTB 

B i t  Pos. 

107 
107 
107 
107 
107 
107 
107 
107 
108 
109 
109 
109 
110 
110 
110 
110 
110 
110 
110 
11 0 
11 1 
111 
11 1 
11 1 
11 2 
11 3 
114 
114 
115 
115 
115 
115 
115 
116 
116 
116 
116 
116 
11 7 
11 7 
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3.9 .3 .3  Card Name Restar t  Table 

DIil AP 
I n s t .  1 

BEG I n 
F  i L E  
G P 1  
SAVF 
PLUG E 
CHKPAT 
CChl )  
G 6'2 
C h K P N T  
P L T S E  T 
S  4VE 
PRTMSG 
C t i K P h T  
S k T V A L  
SAVE 
C CNO 
P L C T  
PlcTMSG 
L A B E L  
c; P3 
C t i K P k T  
T A L I  
SAVk 
P CRG F 
C H K P k T  
C  L N t )  
S P A 1  
SAVE 
P L K 6  t 
CtIKPI\T 
SPA2 
S A V t  
P I IKG F 
CNKPILT 
C  LNb 
C CNb 
(;Ph(; 
GFP 
S A V E  
L A B k  L  
EGUI v 
CI-cKPbT 
CCNL, 
S P A 3  
C tiK P I\ T 
L A B E L  
PARAF' 
G P4 
SAVE 
P LUG E 
C(,UI V 
CtiKPfIT 
C CNU 
C  Lkb 
GPSP 
Uk P 
SAVE 

Bit Posit ion 
20 3 0 40 
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- DMAP Bi t  P o s i t i o n  
I n s t .  -__-____---_ I U-- _ -_-%a - 30 -40 59 

LABEL ---- - - 124  - -6-8 0 _ -- 
C CND 123456789 4 
MCE 1- - 1 _ 9 
CHKPNT 1 9 
HCE2 - - -.- 1 2 x 5 6 7 8 9  A - -  - - 4 -  . _ -  
C H K P ~ V - - - '  - l L34567E9  4 
LABE& LL34567e9 4 
EOUI V 1234567890 4 
C H K P P I -  - -- 1__L3456989& - - -- 4 
C CRD 1234567890 4 
SCE 1 1234567890 4 --- -- - a -- -- - -- - -- - - 
CHKPIVT 1234567890 4 
LABEL ---_ _ 1234567390 - _  _ _ - 4 
E Q U I  V 12345678901- 4 
CWI(PNT-_ 12345-67 890 1 4 
C CND 12345678901  4 
SPPL 12345678901 4--- 
CHKPP4T 12345678901  4 
LABEL- _ 123456789Q1 - _- 4 
D PD 1 
SAVE- - - 1 - -  - 
ECUI V 1234567x90 1 234 

-CH!P_N__T--A-- -- - - -- - . 

PARAP 2 3 
PARAP - - &??345_678901234 6 23 
JUMP 23 
sss _ L3- - - - _ _  - 
L A B E L  1234567893123456 390123 
PURGE - - - ----- 2 5  . -_ 
CASE 12345678901234 6 23 5 
SAVE 12345&78991234 6 23 5 
CtlKPNT 12345678901234 6 23 5 

- -- 1 HTRXf  Pl - - - 2 3 
SAVE 1 23 
PARAP 1 --- 2 L  -. _ -- _ - _ 
PARAP 1 2 3 

1 _P_!ARAI* - 2 3  -. 
P URC E 123456789Gl  234 

12345678901  L G K V  p-____------- - 234- 
CHKPNT 12345678901  234 

L ! Z ! U + 4 4 5 6 1 & 9  L9Y l - --2 3 4 
GKAD 12345678901  234 
LABEL- . 12345678961  . 234 
k C U I V  12345678901  234 
CHKPNT -12345.6789Cl - 234 
C CND 12  34567890 1 234 

J22k lDDl i34s6  l&9S; 1 ____- -635 
FRRD 12345679901  234 
I - JL345678901 234 
CHKPkT 123456789121 234  
VDR - 0 L 
SAVE 3 L 
C, ONU - _ - - - 

C CND 0 1 
CHKPhT 9 1 
S G K 3  0 1. 
OFP 1 
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S A V t  
C H K P N T  
XYTKAK 
SAVE 
X Y P L C T  
JORP 
LADE L 
U F P  
S A V F  
L A B E L  
C CNL) 
E & U I  v 
C LNb 
S O R l  
L A H f  L 
CHKPEvT 
S I)H 2 
SAV€ 
C LND 
S I?R 3 
C H K P h T  
GFP 
S A V t  
X Y T R A N  
SAVE 
X V P L C T  
C CIvU 
RANDCC 
SAVE 
C h K P h T  
C CND 
XYTR 4h 
SAVE 
X Y P L C T  
JLPP 
L A B E L  
OFP 
SAVE 
L A B E L  
C CND 
$ SS 
K F P T  
b SS 
JLMP 
r ss 
J UP P 
L A B E L  
6 SS 
PKTPAHR 
s S S  
L A B E L  
PKTC'AHV 
L A H t L  
P R T P A R P  
L A H C L  
PI tTPAHP 
i A 8 E  L 

E hD 

B i t  P o s i t i o n  
20 30 40 



RIGID FORMATS 

3 9 . 3 . 4 -  Rigid Format Change Restart; Table 

- 
D M A P - -  - - -  B i t  Posi t ion  DMAP B i t  P o s i t i o n  
I n s t .  - 63__ 70 __-&&_ - -. -- - I n s t .  - - - - - - 63 - - -  70 80 

_B__E_Gl> 3 4 _ 5 6 1 8 9 1 2 3 4  - L A B E L  _- 
F I L E  3 4 5 6 7 8 9  1 2 3 4  CCND 
.Ql- - MCE1 

SAVE CHKPhT 
PURGE MCE2 - -- -- -- - - -- - - - - -- - - . - 
CHKPNT ChKPhT 
CCN-0 - - -- - - - - -  L A B t  L 
G P2 EOUI V 
CHKPNT - - - - - -- -- -- - - - .- - - - _ CHKPNT 
PLTSET CCNG 
SAVE - --- - - -- - - - -. %_E 1- - - - - -  - -  -- 
PHTHSG CHKPniT 
CHKPFtT - - -- -- - -- --- --- - - -- - - LABEL 
S ~ T V A L  ECUI v 
SAVE - ---- -- - - -- .- - - - - - - _ - - - - CHKPNT 
C CFtU C CND 

s r p i  - - ._P_CO_T _ - - -_ -- - -. -- -_- - - _ - -- 
PRTMSG CHKPK7 
L W E I -  -- - . - - - LABEL 
G P3 D PO 
CHKPhZ _ - - _ _ - SAVE 
T A l ,  ECUl  V 
SAVE ---- -- --- -- - - CHKPNT -- 
PURGE PARAP 

LkLKP? 1 -- --- - - - - - - - - -_  - PARAF 3 4 5 6 7 8 9  1 2 3 4  
C GND JUMP 3 4 5 6 7 8 9  1 2 3 4  
SMAl  - - - - -- - - - LABEL 3 4 5 6 7 8 9  1 2 3 4  
SAVE PCRG E 

-E!MK&- - -  -- . __ -- -_ - -- C / l S t  3 4 5 6 7 8 9  1 2 3 4  
CHKPhV SAVE 3 4 5 6 7 8 9  1 2 3 4  

~2 -- __3-478̂ _ - - CHKPhT 3 4 5 6 7 8 9  1 2 3 4  
SAVE 3 6 7 8  MTRXIh 
PURGE - - - - - -- - - 3 -- 6_78_-  _ --_ - SAVE 
CHKPNT 3 6 7 8  PARAP 

PARAP _ G S _ ! L  -- ---- -- --- -- --- --- _- - _.-- _ - - _ _ 
C CND PARAP 
G PkG --- -- --- - - - _ P M G E  -- - 

OFP ECUI V 
s AvE-- __ _-_ - -- - - - - - - -- CNKPhT 
LABEL CChL 

-E-!!J /x--..  -- - -- -- .- - - a - - G KA [I 
CHKPNT LABEL 
CGNO - - ECUI \I 
SPA3 GHKPRT 
CtIKP&T --_-- - - C GNU 3 4 5 6 7 8 9  1 2 3 4  
LABEL C CND 3 4 5 6 7 8 9  1 2 3 4  

-p?!!?AC- - ._ - -- - -- F R R I )  - 
G P4 EQUI \, 
SAVE CHKPhV 
PURGE VDR 
EGiUI V SAVE 
CHKPNT CGND 
c CML- ._ -- - - -- - CCNG - 
C CND CHKPhT 
GPSP SORl 
OFP GFP 
SAVE SbME 
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DMAP 
Ins t .  

CHKPhT 
XYTKAh 
SAVE 
XYPLCT 
JbCP 
LABEL 
OFP 
SAVE 
LABEL 
C C A I )  
ECUI V 
CONC) 
S D R 1  
LABEL 
CtiKPhT 
SUHZ 
SAVE 
C CND 
SUK3 
CHKPhT 
OF P 
SAVE 
XYTgAh 
SAVE 
XYPLLT 
CCNCJ 
RANLJCF 
SAVE 
CHI<P&T 
CCMD 
XYTRAR 
S AVt  
XYPLUT 
JLMP 
LABEL 
UFP 
S A V E  
LAHk L 
CCNL; 
KEPT 
JUMP 
JLPP 
LABEL 
PRTPARP 
LABEL 
P K T P A R P  
LABEL 
PRTPAHF' 
LABEL 
PHTPARP 
LABEL 
E hl) 

Bit  Posit ion 
6 3 70 80 
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-3.9.3.5 F i l e  Name R e s t a r t  Tab le  

- - 
DMAP B i t  P o s i t i o n  M A P  B 1 t  P o s i t i ~  
~xL--- . ~ e _  J_QQ-- _____ _ .--LLQ - J ao -_ -r n?: I _ - -. 94 . _ - _ LOP - - 110 . 120 

B E G I N  - - -- - -. - - - - - - - - 
F I L E  
G P 1  -- 
SAVE 4 

MCE 1 
C H K P h f  

PURGE - - --- - - - - 
ChKPNT 

CHKPNT 5 - - - - - - - - -. -- -- -- - - - - - - 

P L T S E T  
CHKPlalT 
C CND 

SAVE - -- - - - - - -. - - - . -. .. 
PRTMSG 

. X E  1. --- _ ..-. - 
CHKPNT 

CHKPNT -- - . . . .- -- - -- - - . . ... -. - - . . . . . . 

SETVAL 
s*_vf- - . - - - - - - - 
C GND 
P LO T --- . - -  
PHTMSG 

S P  L - - 
CHKPNT 
L A B E L  
D PD 
SAVE 
E Q U I  \r 

SAVE 7 ---- - - .  

PURGE 789 2 456 

- - s M ! i  - . 5 -  -- - .- L A R L  - 8 
SAVE 8 P bRG E 
PURGE -- ---- A - - -- - - - - - -- - - -- - . _-2ASE. --- _- - . 8 
CHUPNT a SRVC R 

9 SPA2 _ - - -  -- - -__ - - -. - - - 0 CHKPkT - 

SAVE 9 F 1 T R X I R  9 
9 p U P S  _ - - _ - - -- - 4AVE - 9 

CHKPNT 9 PAWAM 9 
C CND -__-- - . --- P_4!!Ap - - 0 
C OND PASAP 9 
GPWG - - --- - PbKGE C 
OFP E Q U f V  0 
SAVE - - - CHMPhT - - C 
L A B E L  8 C CNO 3 

_-EGULvV- ,-- -C -_ -_ _- - - GKAD - 0 
CHKPNT 0 LABEL @ 
cCND - ._  C EGUX V L 
SMA3 C CHKP4T Z 
CHKPNT -- - - -- - - - - - - - 0 C CPID 1 
L A B E L  0 6 CNO L 

PAR.& ____---- L_- - _ - - F R R U  I 
G P 4  1 E C U B  V i. 

- --- - 1 - .  C L i K P k T  I 
PURGE 1 3 5 6  01 4 VOI? 2 
E G U I  V -- - - 4 3 AVl-1 2 
CHKPRT C CNU 2 

CCND a . -- CCNO 2 
C CND 2 CHKPNT 2 
GPSP 2 SDW3 3 
U F P  2 ;7cp 

S A V k  14vC 
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DMAP Bit Position 
Inst. 94 I 00  1 1  0 

C H K P h T  
XYTKAR 
SAVE 
X Y P L C T  
JLMP 
L A B E L  
U F P  
S A V t  
L A B f  L  
C CI\;O 
E C U I  V  
C CNI) 
S O R l  
L A B E L  
C H K P h T  
SURZ 
SAVt' 
C CNU 
SDH3 
CHKPNT 
ll FP 
SAVE 
XYTKAN 
SAVE 
X Y P L C T  
C LNO 
KANOCP 
SAVE 
ChKPhT 
C L&D 
XYTYAR 
SAVE 
X Y P L C T  
JUMP 
L A B E L  
GFP 
SAVE 
L  ABE L 
C ChO 
Rt-P T 
JLMP 
JLMP 
L A B t  L  
PRTPARC 
L A H C L  
PKTPAHP 
L A B E L  
PKTPARC 
L A O t L  
PI(TPARV 
L A B E L  
E h D  
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The following i tems relate  t o  subcase definition and data selection for  Direct Frequency 

and Random Response : 

1. A t  least  one subcase must be defined for  each unique s e t  of direct  input matrices (K2PP, 

MZPP, B2PP). 

2. Consecutive subcases for  each s e t  of direct  input matrices are used to  define the loading 

conditions - one subcase for  each dynamic loading condition. 

3. Constraints must be defined above the subcase level.  

4. DLpAD must be used to  define a frequency-dependent loading condition for  each subcase. 

5 .  FREQUENCY must be used to  select  one, and only one, FREQ,  FREQl, or  FREQ2 card from the 

Bulk Data Deck fo r  each unique s e t  of direct  input matrices. 

6. On res ta r t  following an unscheduled ex i t  due to insufficient time, the subcase structure 

must be changed t o  re f lec t  the se t s  of direct  input matrices that  were completed, and 

FREQUENCY must be changed to se lec t  a FREQ, FREQ1, or FREQ2 card tha t  ref lects  any 

frequencies for  which the response has a1 ready been determined. Otherwise the previous 

calculations wi 11 be repeated. 

7. @FREQUENCY may be used above the subcase level or  within each subcase to  select  a subset 

of the solution frequencies for  output requests. The default i s  to  use a l l  solution 

frequencies . 

8. If Random Response calculations are desired, RAND@M must be used to  select  RANDPS and 

RANDTi cards from the Bulk Data Deck. Only one @ F R E Q U E N C Y  card can be used for  each s e t  

of direct  input matrices. 

The following printed output, sorted by frequency (SldRTl) or by point number or element 

number (S@RT2), i s  available,  e i ther  as real and imaginary parts or  magnitude and phase angle 

(0" - 360" lead) ,  fo r  the l i s t  of frequencies specified by @FREQUENCY. 

1 .  Displacements, ve loc i t ies ,  and accelerations for  a l i s t  of PHYSICAL points (grid points 

and extra scalar  points introduced for  dynamic analysis) or S@LUTIf?N points (points used 

-in formulati on of the general K system). 
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2. Nonzero coniponents of the  applied load vector and single-point  forces of const ra in t  f o r  

a l i s t  of PHYSICAL points.  

3. S t resses  and forces  i n  se lec ted  elements (ALL avai lable  only f o r  SORT1). 

The following pr in ted  output i s  avai lable  f o r  Random Response ca lcula t ions :  

1 .  Power spect ra l  density function and mean deviation f o r  the  response of se lec ted  compon- 

ents  f o r  points o r  elements. 

2. Autocorrelation function f o r  the  response of se lec ted  components f o r  points or  elements. 

The following p l o t t e r  output i s  avai lable  f o r  Frequency Response ca lcula t ions  : 

1. Undeformed p l o t  of the  s t ruc tu ra l  model. 

2. X-Y p lo t  of any component of displacement, ve loc i ty ,  o r  accelera t ion of a PHYSICAL point  

o r  SOLUTION point .  

3. X-Y P lo t  of any component of the  applied load vector o r  s ingle-point  force  of cons t r a in t .  

4. X-Y p lo t  of any s t r e s s  o r  force component f o r  an element. 

The following p l o t t e r  output i s  avai lable  f o r  Random Response ca lcula t ions  : 

1. X-Y p lo t  of t h e  power spect ra l  density versus frequency f o r  the response of se lec ted  

components f o r  points or  elements. 

2. X-Y p lo t  of the  autocorre la t ion  versus time lag f o r  the response of se lec ted  components 

f o r  points o r  elements. 

The data used f o r  preparing t h e  X-Y p lo ts  may be punched o r  pr in ted  i n  tabular  form (see 

Section 4 .2) .  Also, a pr in ted  summary i s  prepared f o r  each X-Y p lo t  which includes the maximum 

and minimum values of t h e  p lo t ted  function.  

The following parameters a re  used in Frequency Response cal cul a t i  ons : 

GRDPNT - optional - a posi t ive  in teger  value of t h i s  parameter wi 11 cause the Grid Point  1 .  - 

Weight Generator t o  be executed and the  r e su l t ing  weight and balance information to  be 

printed.  

WTMASS - optional - the  terms of the mass matrix are  multiplied by the real  value of t h i s  2. - 
parameter when they are  generated in  SMA2. 
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3. 5 - optional - t he  real  value of t h i s  parameter i s  used as a uniform s t ruc tu ra l  damping 

coe f f i c i en t  in t h e  d i r e c t  fomlulation of dynamics problems. 

4. CflUPMASS - optional - a posi t ive  in t ege r  value of t h i s  parameter wi l l  cause the  genera- 

t i on  of coupled mass matrices r a the r  than lumped mass matrices f o r  a l l  bar elements, rod 

elements, and p la t e  elements t h a t  include bending s t i f f n e s s  (see  Section 3.1 f o r  l i s t  of 

elements). 
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R I G I D  FORMAT'S 

RIGID FORMAT DMAP L I S T I N G  
SERIES L 

R I G I D  FORMAT 9 

N A S T R A N  S O U R C E  P R O G R A M  C O M P I L A T I O N  
DMAQ-DMAP INSTRUCTION 

NO e 

24 SAVE NOSINPtNQGENLvGENELB 

25 PURGE K ~ G G ~ G P S T ~ ~ G P S T ~ M G G Q B G G P  K ~ N N P K ~ F F P K ~ A A ~ M N N ~ M F F I M A A I B N N ~ B F F ~  
BAArKGGX/NOSIMP/ OGPST/GENELB 

26 CHKPNT E S T ~ & C P ~ ~ G P C T I G E I V K ~ G G P G P ~ T P M S G ~ B G G B K G G X Q O G  K4NN,K4FFvK4AA, 
MNNsMFFaMAAeBNNeBFFdAA B 

29 SAVE NOK[+GG$ 

30  PURGE K ~ N N I K ~ G G F K ~ F F Q K ~ A A / N Q K ~ G G $  

33 SAVE NOMGGpNQBGGB 

3 4  PURGE BNNtBFFtBAAeBGGPNOBGGB 

35 CHKPNT MGG~BGGPBNNPBFFPBAA $ 

36 CONP LBLIvGRDPNTb 

37 CONO ERWBRStNOMGGB 

3 9  QFP OGPWG~,PVP//VVNPCARDNO '5 

40  PAVE CARDNO B 

4 1  LABEL kBLL 5 

43 CHKPNT KGG B 

4 4  COND LBLhIpNOGENb B 

47 LABEL LBb%l S 



DIRECT TRANSIENT RESPONSE 

R I G I D  FORMAT DMAP LISTING 
SERIES L 

RIGID FORMAT 3 

N A S T R A N  S O U R C E  P R O G R A M  C O M P I L A T I O N  
DMAP-DMAP INSTRUCTION 

NO. 

49 a CASECC r GEOM4, EQEXINv S I L  ,GPDT/RG, oUSET/V,NPLUSET/VPN,MPCF~=-~/ 
V V N I M P C F ~ = - ~ / V ~ N ~ S I N G L E ~ - ~ / V , N , O M P T = * ~ / V ~ N ~ R E A C T = - ~ / V ~ N ~ N S K I P /  
V ~ N V R E P E A T / V ~ N ~ N O S E T = - ~ / V ~ N V N O L / V V N O N O A Z  $ 

50 SAVE M P C F ~ ~ S I N G L E ~ O M I T ~ N O S E ~ ~ R E A C T P M P C F ~ ~ N S K I P R E A T N O L N O A  $ 

5 1  PURGE G M ~ G M D / M P C F ~ / G O Q K O O B ~ L O O ~ U O O ~ M O O B ~ M O A B ~ G O D ~ Q M I T / K F S ~ P S T ~ Q P /  
S I  NGLEB 

52 EQUIV KGG,KNN/MPCFI/MGGVMNN/MPC%~/ B G G I B N N / M P C F ~ / K ~ G G P K ~ N N / M P C F ~ ~  

5 3  CHKPNT G M ~ R G ~ G O ~ K O O B ~ L ~ ~ ~ U O O , M O O B ~ M O A B ~ K F S P Q P ~ U E T G M D G O D P S T  KNN, 
MNNtBNNeK4NN B 

54 COND LBL4rGENEL B 

55 CONQ LBLYQNOSIMP $ 

57 OFP OGPSTI~VVI//VINVCARDNO 8 

5 8  SAVE CARDNQ S 

5 9  LABEL LBL4 B 

60 COND LBL2eMPCF1 B 

6 1 USETtRG/GM B 

6 2  CHKPNT GM $ 

64 CHKPNT KNN,MNNtBNNpK4NN $ 

6 5  LABEL LBL2 S 

66 EQUIV KNN~KFF/SINGLE/MNN~MFF/SING~E/BNN~BFF/SINGLE/K~NNPK~FF/SINGLE$ 

67 CHKPNT KFFtMFFpBFFtK4FF 8 

68  COND tBL3pSINGLE $ 

6 9 U S E T V K N N Q M N N ~ B N N ~ K & N N / K F F P K F S P  PMFFPBFFPKYFF B 

70 CWKPNT KFS,KFFpMFF,BFFtK&FF B 

7 1  LABEL LBL3 B 

92 EQUIV M F F , K A A / O M % P /  M F F B M A A / O M Z T / B F F ~ ~ A A / Q M ~ T / K ~ F F I K ~ A A I O M ~ T S  

73 CWKPNT K A A P M A A ~ S W A P M ~ A A  B 
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R I G I D  FORMAT BMWP L IST ING 
SERIES L 

R I G I D  FORMAT 9 

N A S T R A N  S O U R C E  P R O G R A M  C O M P I L A T I O N  
DMAP-DMAP INSTRUCTION 

NO, 

7 4  COND bBL5eOMIT $ 

75 USET e KFF p MFF p BFF s K4FF/GO v KAA s KOOB v LOO t UOO v MAA e MOOB e MOAB P BAA p 

KYAA 8 

76 CHKPNT 

77 LABEL 

7 8  @ 

7 9  SAVE 

BO PURGE 

81, EQUIV 

8 2  CHKPNT 

8 4  SAVE 

8 7  PARAM 

8 8  PURGE 

89 EQUIV 

9 0  CHKPNT 

9 1  COND 

95 CHKPNT KDDPBDDPMDDIGMD~GOD B 



D I R E C T  T R A N S I E N T  R E S P O N S E  

R I G I D  FORMAT OMAP L ISP ING 
SERIES b 

R I G I D  FORMAT 9 

N A S T R A N  S O U R C E  P R O G R A M  C O M P X L A T I O N  
OMAP-DMAP INSTRUCTION 

NO I 

9 6  COND ERROR1vNOTRLB 

97 PARAM / / C ~ N I A D D / V P N D N E V E R / C P N F ~ / C P N V O  $ 

9 8  PARAM //CPNIMPY/VIN~REPEATT/CINI~/C~N~-1 B 

9 9  JUMP LBL13  4; 

1 0 0  LABEL LBL138 

1 0 1  PURGE P N L D ~ O U D V ~ ~ O P N L ~ V O U D V ~ ~ O P N L ~ , X Y P L T T A ~ O P P ~ ~ O Q P ~ ~ O U P V ~ ~ O E S ~ ~  
O E F ~ ~ O P P ~ ~ O Q P ~ ~ O U P V ~ ~ O E S ~ ~ O E F ~ ~ P L O T X ~ V X Y P L T / N E V € R  $ 

1 0 2  @ CASECC t /CASEXX/C, NQ TRANIV, NI REPEATT/V P N P NOLOOP fi 

1 0 3  SAVE REPEATT~NOLOOP B 

1 0 4  CHKPNT CASEXX $ 

1 0 5  a CASEXX~USETD~DLT,TRL~NLFT,DITVKDD~BDD~MDD,GMD~GODV/UDVT,PDT~ 
PST,  P P T ~ P N L D / C , N ~ D I R E C T / V P N ~ L U S E T Q / V ~ N ~ M P C F ~ / V P N ~ S I N G L E / V ~ N ~  
O M I T / C P N ~ O / V , N ~ N O U E / C ~ N , O  $ 

1 0 6  EQUIV PPTtPDT/NOSET $ 

1 0 7  CHKPNT UDVT~PDTVPSTIPPT,PNLD $ 

108 CASEXX PEQDYN,USETD,UDVT,PPT,XYCDB,PNLD/OUDV~ r O P N L I I  C P Np 
TRANRESP/C~NVDIRECV/C~N~O/V,N~NOD/VPNPNOP/CNVO $ 

1 0 9  SAVE NOOpNOP $ 

1 1 0  CHKPNT OUDV1,OPNLl $ 

111 COND L B L 1 5 t N 0 9  B 

1 1 4  SAVE CARDNO 3 

1 1 5  CHKPNT OPNL2pOUDV2 $ 

1 1 6  X Y C D ~ ~ O U B V ~ ~ ~ P N L ~ ~ ~ ~ / X Y P L T T A / C ~ N ~ T R A N / G , N D S E / V N P F X E  VPMP 
CARDNO B 

1 1 7  SAVE PFILEtCARDNO B 

119 LABEL LBb15 B 
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R I G I D  FORMAT DMAP L ISP ING 
SERIES L 

RIGID FORMAT 9 

N A S T R A N  S O U R C E  P R O G R A M  C O M P I L A T I O N  
DMAP-DMAP INSTRUCTION 

NO, 

1 2 1  COND LBL~SIPJUMP B 

122 EQUIV UDVTvUPV/NOA $ 

123 COND LBL17vNOA B 

124 @ USETD. PUDVT, v ,GOD,GMDtPSTvKFS, ,/UPVv ,QP/CPNV~/CPN.DYNAMICS '6 

125 LABEL LBLL78  

126 CHKPNT UPVIQP $ 

1 2 7  CASEXX~CSTM,MPT~DIT~EQDYNISILD~ ,BGPOTPPPTVQP,UPVVEST,XYCDB/ 
O P P ~ V O Q P ~ ~ O U Q V ~ V O E S ~ V O E F ~ I P U G V / C V N ~ T R A N R E S P  3 

1 2 8 -  O P P ~ V ~ Q P ~ ~ O U P V ~ I O E S ~ ~ O E F ~ V /  O P P ~ , O Q P ~ V O U P V ~ P O E S ~ , O E F ~ P  I 

1 2 9  CHKPNT O P P ~ V O Q P ~ V O U P V ~ ~ O E S ~ V O E F ~  B 

130 OFP O P P ~ P O Q P ~ ~ O U P V ~ ~ O E F ~ ~ O E S ~ I / / V P N P C A R D N O  B 

1 3 1  SAVE CARDNO B 

132 COND P2rdUMPPLOT B 

133 PLTPAR p GPSETS ELSETS, CASEXX, BGPDT v EQEX I N  p S I L  P , PUGVlPLOTXPl V v N, 
NSIL/VtNvLUSET/VtNtJUMPPLOT/V,NIPLTFLG/VNPFILE B 

134 SAVE P F l L E  $ 

135 PRTMSG PLOTX2// B 

136 LABEL P2 5 

1 3 8  SAVE PFILEvCARDNO 8 

1 4 1  COND FINISvREPEATT $ 

142 KEPT L B L 1 3 t f 0 0 8  

143 JUMP ERROR2 $ 

144 JUMP FINIS $I 
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RIGID FORMAT DMAP LISTING 
SERIES L 

RIGID FORMAT 9 

N A S T R A N  S O U R C E  P R O G R A M  C O M P I L A T I O N  
DMAP-DMAP INSTRUCTION 
NO. 

145 LABEL ERROR2 B 

146 PRTPARM //C,N,-~/CIN~DIRTRD$ 

147 LABEL ERRORlB 

148 PRTPARM //CpN,-l/CvN,DIRTRDB 

149 LABEL ERRORS$ 

150 PRTPARM //C,Nv-3/CtNtDIRTRDB 

151 LABEL FINISB 

152 END B 
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3.10,2 Description of DMAP Operations f o r  Direct  Transient  Response 

3. GP1 generates coordinate system transformation matr ices ,  tables  of gr id  point  locat ions ,  
and tables  f o r  r e l a t ing  in ternal  and external  g r id  point  numbers. 

7. Go t o  DMAP No. 77 i f  only Direct Matrix Input. 

8. GP2 generates Element Connection Table with in ternal  indices . 
10. PLTSET transforms user input in to  a form used t o  dr ive  s t ruc tu re  p l o t t e r .  

12. PRTMSG pr in t s  e r r o r  messages associated with s t r u c t u r e  p l o t t e r .  

16. Go t o  DMAP No. 20 i f  no undeformed s t r u c t u r e  p l o t  reques t .  

17. PLgT generates a1 1 requested undeformed s t ruc tu re  p lo t s .  

19. PRTMSG pr in t s  p l o t t e r  da ta  and engineering data f o r  each undeformed p lo t  generated. 

21. GP3 generates Grid Point  Temperature Table. 

23. TA1 generates element tables  f o r  use i n  matrix assembly and s t r e s s  recovery. 

27. Go t o  DMAP No. 41 i f  there  are no s t ruc tu ra l  elements. 

4 28. SMAl generates s t i f f n e s s  matrix [K' 1, s t ruc tu ra l  damping matrix [ K  1 and Grid Point 
Singular i ty  Table. QS 99 

32. SMA2 generates mass matrix [M 1 and viscous damping matrix [ B  1. 
99 gg 

36. Go t o  DMAP No. 41 i f  no weight and balance reques t .  

37. Go t o  DMAP No. 149 and p r in t  e r r o r  message i f  no mass matrix e x i s t s .  

38. GPWG generates weight and balance information. 

39. @FP formats weight and balance information and places i t  on the system output f i l e  f o r  
pr in t ing.  

42. Equivalence [K' 1 t o  [ K  ] i f  no general elements. 
9 9 gg 

44. Go t o  DMAP No. 47 i f  no general elements. 

45. SMA3 adds general elements to  [K' ] t o  obtain s t i f f n e s s  matrix [ K  1. 
99 99 

49. GP4 generates f l ags  defining members of various displacement s e t s  (USET) and forms multipoint  
cons t r a in t  equations [R  ] Iu  1 = 0. 

g 9 
4 4 52. Equivalence [ K  1 to  [ K n n ] ,  [M I t o  [Mnnl, [ B g g l  t o  [ B n n l  and [ K g g l  t o  [ K n n ]  i f  no multi-  

99 99 
point  const ra in ts  . 

54. Go t o  DMAP No. 59 i f  general elements present.  

55. Go t o  DMAP No. 59 i f  no s t ruc tu ra l  elements . 
56. GPSP determines i f  possible g r id  point s ingular i  t i e s  remain. 

57. PFP formats the  t ab le  of possible g r id  point  s ingular i  t i e s  and places i t  on the system out- 
put f i l e  For pr in t ing.  

6 0 .  Go t o  DMAP No. 65 i f  M C E l  and MCE2 have aiready been executed f o r  current  s e t  of multi-  
poi tit cons t r a in t s .  



DIRECT TRANSIENT RESPONSE 

61. MCEl p a r t i t i o n s  m u l t i p o i n t  cons t ra in t  equations CR J = [I?, 1 R n l  and so lves  l o r  multipoint 
9 

cons t r a i n t  t ransformat ion ma t r i x  [Gm] = - [Rmle l  [ R ~ ]  

63. MCE2 p a r t i t i o n s  s t i f f n e s s  , mass and damping matrices 

and performs ma t r i x  reduct ions 

T T T [KnnI = [RnnI  + CGmIII$,,I + [Km,IIGmI + [ G m I C K m I I G m I ~  

T T T [Mnn] = [!?,,,I + [ G m I I M m n I  + [Mmnl[~,l + [GmICMmml[GmI 9 

T T T 
[B,,] = [Innl + [~,l[~,,l + [ ~ m n l [ G m l  + [GmlCBmml[GmI, 

4 T 4 4 T T 4 [Knnl = [$,,I + [GmIIKmnl + [Kmnl  [Gml  + [Gml[Km,nl[Gml. 

4 4 66. Equivalence [Knn] t o  [Kfp], EMnn] t o  [Mff], [Bnn] t o  [ B f f l  and [Knn] t o  [ K f f J  i f  no s ing le-  

p o i n t  const ra in ts  . 
68. Go t o  MAP No. 71 i f  no s ing le -po in t  const ra in ts .  

69. SCE l  p a r t i t i o n s  out  s i ng le -po in t  const ra in ts  

4 4 72. Equivalence [ K f f l  t o  [K,,], EMff] t o  [Ma,], [BffJ t o  [Baal and [K f f ]  t o  [Kaa] i f  no omit ted 
coordinates. 

74. Go t o  DMAP No. 77 i f  no omit ted coordinates. 
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75.  SMPl pa r t i t i ons  constrained s t i f f n e s s  , mass and damping tnatrices. 

-1 solves fo r  transformation matrix [Go] = -[KO,] [KO,] 

and performs matrix reductions 

D P D  generates f l ags  defining m~mbers of various displacement s e t s  used in dynamic analysis 
(USETD) , tables  r e l a t ing  internaf and external  gr id  point  numbers, including ext ra  points 
introduced f o r  dynamic ana lys i s ,  and prepares Transfer Function Pool, Dynamics Load Table, 
Nonlinear Function Table and Transient  Response L i s t ,  

d d Equivalence [Go] t o  [Go]  and [Gm] t o  [Gm] i f  no ext ra  points int ,~k?uced fo r  dynamic ana lys i s .  

2 2 MTRXIN s e l e c t s  the d i r e c t  input matrices [K' 1, [M ] and [B 1 PP PP PP 
2 2 Z 2 2 2 Equivalence [ M  ] t o  [ M d d ] ,  [B  1 to [Bdd]  and [K 1 t o  [Kdd] i f  no const ra in ts  applied. 
PP PP PP 

Equivalence [Mas] t o  [Mdd] i f  no d i r e c t  input mass matrices and no ex t ra  points ,  and [Kaa]  

t o  [Kdd]  i f  no d i r e c t  input damping matrices and no ext ra  points .  

Go t o  DMAP No. 93 i f  only ex t ra  points defined,  

G K A D  assembles s t i f f n e s s ,  mass, and damping mdtrices f o r  use in  Direct Transient  Response 

1 2 C%,I C K d d l  4 CKddl 7 

2 7 1 4  LBdd1 = ['id] ' rBdd1 ' f r ~ ~ ~ ~  ' d K d d l  
3 4 

All matrices a re  r e a l .  

2 2 Equivalence [Kddl t o  [ K d d ]  i f  a l l  s t i f f n e s s  i s  Direct Matrix Inpirt and [Mdd] t o  [Mdd] i f  a l l  

mass i s  Direct Matrix Input. 

Go t o  DMAP No. 147 and p r in t  e r ro r  message i f  no Transient  Response L i s t .  
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99. Go t o  next DMAP ins t ruct ion i f  cold s t a r t  or  modified r e s t a r t .  LBL13 will  be a1 tered by the  
Executive System t o  the proper location inside the loop fo r  unmodified s t a r t s  within the 
loop. 

100. Beginning of loop fo r  additional dynamic load se t s  

102. CASE extracts  user requests from CASECC for  current loop. 

105. TRD fonns the l inea r  and nonlinear dynamic load vectors {Pdl and {P:'} and integrates  the 
equations of motion over specif ied time periods t o  solve fo r  the displacements , veloci t ies  
and accelerations,  using the following equation 

106. Equivalence {P 1 t o  {Pd} i f  no constraints applied. 
P 

108. VDR prepares displacements, veloci t ies  and accelerations,  sorted by time s tep ,  fo r  output 
using only the independent degrees of freedom. 

171. Go t o  DMAP No. 119 i f  no output request fo r  the independent degrees of freedom. 

112. SDR3 sor t s  the independent displacements, veloci t ies ,  accelerations and nonlinear load 
vectors by point number. 

11 3. DFP formats the requested independent displacements, ve loc i t i e s ,  accelerations and nonlinear 
load vectors sorted by point number and places them on the system output f i l e  for  printing. 

116. XYTRAN prepares the input f o r  X-Y p lot t ing of the independent displacements, ve loc i t i e s ,  
accelerations and nonlinear load vectors vs time. 

118. XYPLPT prepares requested X-Y p lots  of the independent displacements, veloci t ies ,  acceler- 
ations and nonlinear load vectors vs time. 

1 .  Go t o  DMAP No. 140 i f  no output request involving dependent degrees of freedom or  forces and 
s t resses .  

122. Equivalence (ud1 t o  {U 1 i f  no constraints applied. 
P 

123. Go t o  DMAP No. 125 i f  no constraints applied. 

124. SDRl recovers dependent components of displacements 

T and recovers single-point forces of constraint  {qs) = -IPS} -+ [Kfs]{uf3 

3.10-11 
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SDR2 c a l ~ u ' l a t e s  element fo rces  arid stresses (@EST, gEF1) and prepares load  vec to rs ,  d i s -  
p'l acement, v e l o c i t y  and a c c e l e r a t i o r i  v e c t o r s  and s i n g l e - p o i  n t  fot ce5 o f  constrrai  nt f o r  ou t -  
p u t  ( g P P I ,  DQPI , f l U P V I )  - a l l  s o r t e d  by t ime  s tep .  

SDR3 prepares requested o u t p u t  s o r t e d  by p o i n t  number o r  e lement  number. 

BFP formats reques ted  o u t p u t  s o r t e d  by p o i n t  number o r  element number and p laces  i t  on 
t h e  system o u t p u t  f i l e  f o r  p r i n t i n g .  

Go t o  MAP No. 136 if no deformed s t r u c t u r e  p l o t s  requested.  

PLPT prepares a l l  reques ted  deformed s t r u c t u r e  p l o t s .  

PRTMSG p r i n t s  p l o t t e r  da ta  and eng ineer ing  d a t a  f o r  each deformed p l o t  generated. 

XYTRAN prepares t h e  i n p u t  f o r  reques ted  X-Y p l o t s .  

XYPL0T prepares reques ted  X-Y p l o t s  o f  d isp lacements,  v e l o c i t i e s ,  a c c e l e r a t i o n s ,  fo rces ,  
s t resses ,  loads o r  s i n g l e - p o i n t  f o r c e s  o f  c o n s t r a i n t  vs. t ime.  

Go t o  DMAP No. 151 i f  no a d d i t i o n a l  dynamic l o a d  s e t s  need t o  be processed. 

Go t o  MAP No. 100 i f  addi  t i o n a ?  dynamic l o a d  s e t s  need t o  be processed. 

Go t o  DMAP No. 145 and p r i n t  e r r o r  message i f  more than  100 loops .  

Go t o  MAP No. 151 and make normal e x i t .  

DIRECT TRANSIENT RESPgNSE ERRgR MESSAGE N0. 2 - ATTEMPT T0 EXECUTE MORE THAN 100 LOOPS. 

DIRECT TRANSIENT RESPflNSE ERRgR MESSAGE N@. 7 - TRANSIENT RESPflNSE LIST REQUIRED F0R 
TRANSIENT RESPflNSE CALCULATIflNS. 

DIRECT TRANSIENT RESPONSE ERROR MESSAGE NO. 3 - MASS MATRIX REQUIRED FOR WEIGHT AND BALANCE 
CALCULATIONS. 
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3.10.3 R e s t a r t  Tables f o r  D i r e c t  Transien: Response 

3.10.3.1 Bit  P o s i t i o n s  f o r  Card Name R e s t a r t  Table 

Card Name 

AXIC 
CDAMP 1 
CDAMP2 
CDAMP3 
CDAMP4 
CELASl 
CELAS2 
CELAS3 
CELAS4 
CMASSl 
CWASS2 
CMAS S 3 
CMASS4 
C(aRD1C 
CORD1 R 
CORDIS 
CgRD2C 
CPRD2R 
C0RD2S 
GRDSET 
GRID 
PgINTAX 
RI NGAX 
SECTAX 
SEQGP 
SPfJINT 
BAROR 
BEAMgR 
CBAR 
CBEAM 
CCfJNEAX 
CONROD 
CQ DM EM 
CQDPLT 
CQUAD1 
CQUAD2 
CROD 
CSHEAR 
CTORDRG 
CTRAPRG 
CTRBSC 
CTRIAl 
CTRIA2 
CTRIARG 
CTRMEM 
CTRPLT 
CTUBE 
CTWIST 

B i t  Pos. 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

Card Name -- 

PBAR 
PBEAM 
PCONEAX 
PQDMEM 
PQDP LT 
PQUAD 1 
PQUAD2 
PRO D 
PSHEAR 
PTORDRG 
PTRBSC 
PTRIAl 
PTRIAZ 
PTRMEM 
PTRPLT 
PTUBE 
PTWIST 
GENEL 
CONM 1 
CONM2 
PELAS 
PMAS S 
MAT 1 
MAT2 
MAT 3 
MATT 1 
MATT2 
MATT3 
TABLEMl 
TABLEM2 
TABLEM3 
TABLEM4 
TEMPMT$ 
TEMPMX$ 
MP C 
MPCADD 
MPCAX 
MPC$ 
SPC 
SPCl 
SPCADD 
S P CAX 
SPC$ 
BMIT 
OMIT1 
@MI TAX 
SUPAX 
SUPgRT 

B i t  Pos. Card Name 

TEMP 
TEMP AX 
TEMPD 
WTMASS 
GRDPNT 
PLPTEL 
PLOT$ 
POUT$ 
XYBUT$ 
ABUT$ 
LOW$ 
LOfJPl$ 
COUPMASS 
NOLOW'$ 
G 
613 
W4 
EPOINT 
SEQEP 
TF 
CVISC 
PDAMP 
PVISC 
DMIG 
B2PP$ 
K2PP$ 
M2PP$ 
TF$ 
DAREA 
DELAY 
DLBAD 
NOLIN1 
NOLIN2 
NOLIN3 
NOLIN4 
TABLED1 
TABLED2 
TABLED3 
TABLED4 
TIC 
TLPAD1 
TL@AD2 
TSTEP 
DLPAD$ 
1 C$ 
NLFPRCE 
TSTEP$ 

B i t  Pos . 
13 
13 
13 
14 
15 
16 
18 
19 
20 
21 
22 
2 3 
24 
25 
56 
56 
56 
5 7 
5 7 
5 7 
58 
59 
59 
60 
60 
60 
60 
60 
61 
61 
61 
61 
6 1 
61 
61 
61 
6 1 
6 1 
61 
6 1 
6 1 
61 
61 
6 2 
62 
62 
62 
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3.10.3.2 B i t  Pos i t i ons  f o r  F i l e  Name Restar t  Table 

F i  l e  Name 

BG P DT 
CSTM 
EQEX I N 
GPDT 
GPL 
SIL 
ECT 
GPTT 
ECPT 
EST 
GEI 
GP CT 
GPST 
K4GG 
KGGX 
BGG 
MGG 
KGG 
RG 
USET 
YS 
PGPST 
GM 
BNN 
K4NN 
KN N 
MN N 
BFF 
K4FF 
KFF 
KFS 
MFF 
BAA 
G0 
K4AA 
KAA 
L00 
K0DB 
MAA 
MQl AB 
M00B 
u00 
DLT 
EQDYN 
GPLD 

Bit Pos. 

94 
94 
94 
94 
94 
94 
95 
96 
9 7 
9 7 
97 
97 
98 
98 
98 
99 
99 

100 
101 
101 
101 
102 
103 
104 
104 
104 
104 
105 
105 
105 
105 
105 
106 
106 
106 
106 
106 
106 
106 
106 
106 
106 
107 
107 
107 

F i l e  Name 

NLFT 
SILD 
TFPOPL 
TRL 
USETD 
CASEXX 
B2PP 
K2PP 
M2PP 
B2DD 
BDD 
GMD 
G0D 
K2DD 
KDD 
M2DD 
MDD 
PDT 
PNLD 
PPT 
PST 
UDVT 
0UDVl 
0PNLl 
0UDV2 
flPNL2 
QP 
UP v 
0EF1 
0ESl 
0PPl 
0QP 1 
aupvl 
PUGV 
BEF2 
0ES2 
BPP2 
0QP2 
0UPV2 

B i t  Pos. 

107 
107 
107 
107 
107 
108 
109 
109 
109 
110 
110 
110 
110 
110 
110 
110 
110 
111 
111 
11 1 
111 
111 
112 
112 
113 
113 
114 
114 
115 
115 
115 
115 
115 
115 
116 
116 
116 
116 
11 6 
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3.10.3.3 Card Name Restart Table 

DMAP Bit Position 
Inst.  1 10 20 30 40 

B E G I N  
F I L E  
G P l  
SAVE 
P bR6 E 
Ct-tKPMT 
C CND 
G P 2  
CHKPPiT 
P L T S t T  
SAVE- 
PHTMSG 
CHKPlLT 
SETVAL 
SAVE 
C CNU 
PLOT 
SAVE 
PRTMSG 
LABEL 
G P3  
CHKPhT 
T A 1 ,  
SAVE 
PURGt  
ChKPhT 
COND 
SMAL 
S N E  . . -. 

PURGt  
CHKPAT 
S PA2 
SAVE 
PURGE 
CHKPNT- 
C ONU 
C CND 
GPGlG 
OFP 
S A V t  
LABEL 
E U U I  V 
CHKPhT 
C CND 
SPA3 
CHKPhT 
LABEL 
P AH A I.( 

C  P4 
SAVE 
P b R G t  
E G U I  V 
CHKPhrT 
C O N 0  
CGND 
G P S P  
OFP 
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S A V t  
LA8E.L 
C CNCl 
MCE l 
CAKC'RT 
MCE2 
CHKPI\IT 
LAHF L 
F C C 1  V 
CHKPFvT 
C CN[) 
S Z E  1 
CHKPhT 
L A B E L  
E h U I L  
C H K P h T  
C CNU 
SCPL 
C H K P k  I 
L A B E L  
D PO 
S A V t  
PURGF 
E h U I V  
C HK P I\ 1 
V T R X I R  
S 4 V t  
PARAP 
PARA!, 
PARA? 
PLRGF 
FLU1 V 
Ct lKPhT 
L ChD 
r ; K m  
L A B E L  
E L U I  \I 
ChKPiLT 
C CND 
PRRAP 
P A l l A r  
JLMP 
6 5 5  
L A d E L  
P L K G l  
C 4 S E  
S A V C  
C k I K P k T  
T KD 
t h l J I V  
C t i K P R T  
V l i R  
S A V E  
CI-KPh T 
C CNL; 
S U ~ <  3 
U F  P 

6 i  t P o s i t i o n  
20 3 0 40 5 0 6 0 
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BVAP B i t  Position 
- 1 10 2 -  - --  - 20 - 

30 

S A V E  1 
C H K P N T  0 1 
X Y T R A N  0 
SAVE 0 

. -X.v? e_c I.-_ . - . -- . . . 
L A B E L  
PARAP 1234567890 1 234 
C GND 12345678901 2 34 

12345678901 E Q Y l U  _ _  - 234 
C ONO 12345678901 234 
SDM L- - - - -9&3356789Ul . _ ._ _ 224 - - -- -. - - - 
LABEL 12345678901 234 

.Q.EP- .. . ._ . .__ ... . -. ... -. 
SAVE 
C CND - 8 
PLCT 8 
§ a V E  8 
PRTMSG 8 

LABEL- - - - - - - - .. _ _-- --- - - 
XIfTRAPI 0 
SAVE - - - _ -- 0 
X Y P L C S  r? 

. CABE L- -- - 1 
D 

-... 1 3 -- . - . -- - 

R E P I  23 
SSS.- - - _.b h _ . - -_ _ _- A -- _ - 

J U M P  2 3 
- 3 S S  -_ 1- 3- 

JUMP 1234567890123456 R9:f 1234 b789C12 
-. IPPBE_L .- - _ - - - _ - -- _ - - _- - --. -23 - - - -  - - 

S SS 1 3  
PsvpasH. _ .  2 3 
B SS 1 3  

lL_34567@9!31_234_51 -8931234 ._ _ _-  -- . AAoEe __ 6769C12 
PRTPAHP 1234567@90123456 8901234 6789312 
C&EL , - -A -  J234567890lZ3456 8901234 _ _ 6789Cb2 
P R T P A R C  123456789C123456 8901234 6789C12 
LAB E L  123456789G123456 8901234 h7d9C1.2 
E &D 1234567890123456 8901234 6789C12 
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3.10.3.4 R i g i d  Format Change R e s t a r t  Table 

DMAP B i t  P o s i t i o n  
I n s t .  63 70 80 

B t G I h  
F I L t  
G P L  
SAVE 
PCiRGt 
C H K P h T  
CCNL, 
G P 2  
L t l K P h T  
P L T S E T  
S A V t  
PRTMSG 
C H K P h T  
S E T V A L  
S A V f  
C CND 
P L O T  
SAVE 
PRTMSG 
L A B E L  
G P3 
C H K P h r  
T A l ,  
S A V F  
P UHG f 
C h K Y h T  
CCND 
S P A 1  
SAVk 
P L R G f  
C t i K P N T  
S PA2 
S AWE 
P L R G E  
C H K P N T  _ 
C  CND 
CCND 
GPWL 
OFP 
SAVE 
L A B E L  
ECUI  !I 
C H K P K T  
cc Iv r )  
SPA 3 
C H K P h T  
L A R C L  
P A R A P  
G P4 
SAVE 
P L R G t  
E d U I  V 
C I i K P h T  
t CNO 
CGNO 
G P S P  
OkP 

DMAP B i t  P o s i t i o n  
I n s t .  - 63 70 80 - 

SAVE 
L A C t  L  
CCND 
M C E l  

CHKPPIT 
L A B E L  
EGUi J 
C t i K P h T  
C CND -- 
SCE 1 
C H K P h T  
L A B E L  
EGUI V 
C H K P h T  
C CNO 
SPP1 
C H K P h T  
L A B E L  
U PO 
SAVE 
P L R G E  
E C U I  W 
C h K P N T  
M T R X l b i  
SAVE 
PARA P 

P UKG E 
E & U I  V 
Ct iKP luT 
C CND 
G K A P  _- -_ . - . 
L A B E L  
E C U I  V 
CHKPRT 
C CNO 3456789Y 2 3 4  
P A R A P  
PARAM -3456789C 2 3 4  
J b M P  3 4 5 6 7 8 9 C  2 3 4  
L A R E L  3456789C 2 3 4  
PURGE 
C A S E  3456789C ,234 
SAVE 3456789;  2 3 4  
CHKPf rT  34567891: 2 3 4  
T RD 
E E L 1  W 
C H K P f r T  
V  DR 
S &WE 
C H K P k T  
C CNU 
S DR 3 
OFP 
S A V E  



D I R E C T  T R A N S I E N T  R E S P O N S E  

DRKP S i t  P o s i t i o n  
I n s t .  ._ _63-_ _ 70 80 

QiKPIUT - - 
XYTRAh 
S A V t  
XYPLCT  
L A B E L  - 
PAWAP 3456789C 2 3 4  
C CNU 3456785C 234  
E C U I  \I 3456789C 2 3 4  
C GND 3 4 5 6 7 8 9 ;  2 3 4  
S C R L  3456789C 2 3 4  

_ L A B E L - - -  - 3.4567095 2 3 4  
CHKPNT 3 4 5 4 7 8 9 0  2 3 4  
SDK2 
SUR3 
CHKPNT 
OFP 

.SAVE - 
CCND 
PLGT 
SAVE 
PWTMSG 
LADE L 
XY_TKAh - -. - 
SAVE 
XYPLCT 
LABEL  
C CNO 3 4 5 6 7 8 9 i  2 3 4  
K E P T  34567096  2 3 4  
J UPP - .- 3456789C 2 3 4  
JUCP 3456789C 2 3 4  
L A B E L  34567892  234  
PRTPARP 34564095  2 3 4  
LABEL 3456789C 2 3 4  
PRTPARP 3 4 5 6 7 8 9 t  2 3 4  

_LABEL _.- _--33426759G..L14 _ . 
PKTPARP 34557595  234  

3 4 5 6 7 9 9 c  2 3 4  _LAH&_L - -  - - 

E 3456789C 2 3 4  
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3.10.3.5 F i l e  Name R e s t a r t  Table 

UMAP B i t  P o s i t i o n  DMAP B i t  P o s i t i o n  
I n s t .  94 100 110 120 Xnst, _ 94 100 _ - _  110 - 720 - - - - - - . - 

B E G 1  t.; 
F I L E  
6 P 1 4 
SAVE 4 
P LRG k - - -  

CHKPh'T 
C CND 
G P2 5 

SAVE 
L'AB E L 
C ONO 
MCE 1 

CHKPrVT 
L A B E L  

CHKPl lT  5 
P L T  SET 

E G U I  V 
CHKPNT 

SAVE _ _  
PRTMSG 

C C N D  
SCE 1 
CHKPPiT 
L A B E L  

SAVE 
C CNII 

PKTMSG 
L A B E L  
G P 3  6 
C h K P h T  6 

CHKPIkT 
L A B E L  
0 PO 
savt  

T A l *  .. . -  
SAVE 

PURGE 
E Q U I  V 

P L R G E  - 7 8 9  2 456 CHKPkT  7 
CHKPhT 7 M T R X I N  9 
CCND - 8- _ -  SAVE 9 
SPA 1 8 PARAP 9 

R SAVE - __-- _ .- -.- - - - - - - . PARAP 9 
P URG E 8 PARAC 9 
CHKPIIIT -- 8 P URG k 0 
SPA2 9 E G U I  V 0 
SAVE 9 CHKPNT C 
PURGE 9 C CND 0 

9 LHKqlhT ._ - -_-_ - - .  - -- GKAD- _ __- - A . - - -_ 
C CNO L A B E L  0 
C CND EGUI  - -- --- - --- - - 0  . __- 
G PhG C h K P h T  0 
O!!! p- 
SAVE 

C CNO 
PARAtJ 
P AR-AP 
JbMP 
L A B E L  
P I I R t i t  
CASk 
SAVE 

L A B E L  
E G U I  V 
GHKPkT 
C CNO 
S CPI 3 
ChKPFtT 
L A B E L  
PAMAC 
G P4 
S A V f  
PLRG E 
E E U l  V 

CHKPNT 
TRD 
EL 'UI  V 
CFKPAT 
VDR 
SAVE 
CHKPAT 
C C N D  
SDK3 
Of-P 
S A V E  



DIRECT TRANS1 ENT RESPONSE 

M A P  B i t  Posi t ion  
I n s t .  94 100 110 

CHKPhT 3 
XYTRAh 
SAVE 
XYPLCT 
LABEL 
PARAP 4 
C CND 4 
C C U I  v 4 
CCND 4 
S D R l  4 
LABEL 4 
CHKPNT 4 
SDK2 5 
SDR3 6 
CHKPNT 6 
OFP 
SAVE 
C OND 
P COT 
SAVE 
PRTM5G 
LABEL 
XYTKAk 
SAVE 
XYPLET 
LAAEL 4 
C CND 
K t P T  
JUPP - 
JLMP 
LABEL 
PHTPARH 
LABEL 
PtiTPARP 
LABEL 
PHTPAKM 
LABEL 
E ND 
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The following items relate  t o  subcase definition and data selection for  Direct Transient 

Response : 

1.  One subcase must be defined fo r  each dynamic loading condition. 

2. DLPAD or NONLINEAR must be used to  define a time-dependent loading condition for  each 

subcase. 

3. Constraints must be defined above the subcase level.  

4. TSTEP must be used t o  se lec t  the time-step intervals to  be used for  integration and out- 

put in  each subcase. 

5. On res ta r t  following an unscheduled ex i t  due t o  insuff icient  time, the subcase structure 

should be changed to re f lec t  any completed loading conditions . The TSTEP selections 

must be changed i f  i t  i s  desired to resume the integration a t  the point terminated. 

The following printed output, sorted by point number or element number (SORT2) i s  available a t  

selected multiples of the integration time step: 

1. Displacements, veloci t ies ,  and accelerations for  a l i s t  of PHYSICAL points (grid points 

and extra scalar  points introduced for  dynamic analysis) or  SOLUTION points (points used 

in formulation of the general K system). 

2. Nonzero components of the applied load vector and single point forces of constraint f o r  a 

l i s t  of PHYSICAL points. 

3 .  Nonlinear force vector for  a l i s t  of SBLUTIBN points. 

4. Stresses and forces in selected elements (ALL not allowed). 

The following p lo t te r  output i s  avai lable for  Transient Response: 

1. Undeformed plot of the structural model. 

2. Deformed shapes of the structural model for  selected time intervals 

3. X-Y plot of any component of displacement, velocity, or acceleration of a PHYSICAL point 

or  SPLUTIgN point. 

4.  X-Y plot of any component of the applied load vector, nonlinear force vector, or  single- 

point force of constraint.  



DIRECT TRANSIENT RESPONSE 

5. X-Y plot of any s t ress  or force coniponent for an element. 

The data used for  preparing .the X-Y plots may be punched or printed in tabular form (see 

Section 4.2). Also, a printed summary is  prepared for  each X-Y  plot which includes the maximum 

and minimum values of the plotted function. 

The following parameters are used in Direct Transient Response: 

1. GRDPNT - optional - A positive integer value of th i s  parameter wi 71 cause the Gui d Point 

Weight Generator to  be executed and the resulting weight and balance information t o  be 

printed. 

2. WTMASS - optional - The terms of the mass matrix are multiplied by the real value of th i s  

parameter when they are generated in SMA2. 

3. 5 - optional - The real value of this parameter i s  used as a uniform structural  damping 

coefficient in the direct  formulation of dynamics problerns . 

4. W3 and W4 - optional - The values of these parameters are used as pivotal frequencies for  

uniform structural damping and element structural damping respectively . 
5. CPIUPMASS - optional - A positive integer value of th i s  parameter will cause the genera- 

t ion of coupled mass matrices rather than lumped mass matrices fo r  a l l  bar elements, rod 

elements and plate elements tha t  include bending s t i f fness  (see Section 3.7 for  l i s t  of 

elements). 



3.11 MODAL COMPLEX EXGENVALUE ANALYSIS 

3.1 1.1 DMAP Sequence for Modal Complex Eigenval ue Analysis 

N A S T R A N  S O U R C E  P R O G R A M  C O M P I L A T ~ O N  
DMAP-DMAP INSTRUCTION 

NO s 

1 BEGIN N o e l 0  MODAL COMPLEX EIGENVALUE ANALYSlS SERIES L B 

2 F I L E  LLL=TAPE 3 

3 a GEOMl , GEOM2 , /GPL P EQEXIN, GPDT r CSTM r BGPDT ,SIL/V,Np LUSET/ C r N r  123/ 
VlNtNOGPDT B 

4 SAVE LUSETB 

5 CHKPNT GPL~EQEXINPGPDT~CSTMIBGPDT~SIL 3 

6 a GEOMB,EQEXIN/ECT 3 

7 CMKPNT ECT B 

8 PLTSET PCDB,EQEXIN,ECT/PLTSETX~PLTPARIGPSETS~ELSETS/VNNSIL/ V V N P  
JUMPPLOT $ 

9 SAVE NS1LpJUMPPLOT 3 

1 0  PRTMSG PLTSETX//S 

11 CHKPN? PLTPAR GPSETS ELSETS B 

1 2  SETVAL //VINIPLBFLG/CPNP~/V~N~PFILE/C,N,O $ 

13 SAVE PLTFLGvPFPLE B 

14  COND PlvJUMPPLOT $ 

16 PRTMSG PLOTX1148 

1 7  LABEL P 1  B 

19 CHKPNT GPTT B 

21 SAVE NOGENLvNQSIMP,GENELB 

22 COND ERRORIeNOSIMPB 

23 PURGE BGPSB/GENELB 
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RZGlB FORMAT DM&P L I S T I N G  
SERIES L 

R I G I D  FORMAT 10 

N A S T R A N  S O U R C E  P R O G R A M  C O M P I L A T I O N  
DMAP-BMAP INSTRUCTION 

NO. 

26 CHKPNT KGGXtGPSTB 

28 SAVE NOMGSW 

3 0  CHKPNT MGG B 

3 1  CONB LGPWGIGRDPNTB 

3 3  OFP OGPWGvvcvr//VtNtCARBNO B 

34  SAVE CARDNO B 

3 7  CHKPNT KGG O 

40 CHKPNT KG6 D 

43 LABEL LBLlP '5 

4 4  SAVE M P C F ~ ~ S P N G L E ~ O M I T ~ R E A C T ~ M O S E T P M P C F ~ O N S K ~ P R E P E A T N O L N O A  B 

4 6  PURGE GM~GMD/MPCF~/GO~KOOB~LOO~UOO~MQOBPMOABVGOD/OM~T/KFS/SXNGLE/ 
QPC/NQSR/KLR~KRR~MLRIMRR~DMQMR/REACT $ 

4 7  EQUIV KGG,KNN/MPCFl/MGGtMNN/MPCFlB 

48 CHKPNT K R R ~ K L R ~ D M ~ M L R ~ M W R I M R ~ G M ~ R G I G Q P K ~ B B B L O O ~ W  M O O B B M O W B ~ K F P P Q P C ~  
USET~KNN,MNNPMRW,GMBVGBB B 



MODAL COMPLEX E l G E N V A L U E  ANALYSIS 

R I G I D  FORMAT DMAP LISTING 
S E R I E S  b 

R I G I D  FORMAT 1Q 

N A S T R A N  S O U R C E  P R O G R A M  C O M P P L A T I O N  
DMAP-DMAP I N S T R U C T I O N  

NO, 

49 COND L B L Y t G E N E L  B 

51  OFP O G P S T p p t t s b / V c N e C A R Q N 8  B 

52 SAVE CARDNO S 

53 LABEL b B L 4  B 

54 COND b B L 2 v M P C F 1  8 

56 CHKPNT GMB 

57 U S % T ~ G M ~ K G G I M G G ~ P / K N N P ~ ~ S N N ~ I B  

58 CHKPNT KNNvMNNS 

59 LABEL L B L 2  B 

60 E Q U I V  #NN~KFF/SINGb&/MNNot4FF/SINGLES 

6% CHKPNT K F F p M F F  B 

65 LABEL L B b 3  B 

66 E Q U I V  KFFIKAA/OMEV/ MFFsMAA/OMIaB  

67 CHKPNT KAApMAA '5 

70 CHKPNT KAAPMAAIGQB 

71 LABEL L B L 5  B 

72 CONB L B L 6 r R E A C f  B 

73 @ USET . KAA MPlA/KLL r KI.R 0 KRR, MCL r MLR P MRRS 

74 CHKPNT KbL8KbRpKRRpMbLeMLRoMRR B 



RIGID FORrPBTS 

RIGID FORMAT DMAP LPSTXNG 
SERE ES k 

N A S T W A N  S O U R C E  P R O G F Z A M  C O M P $ , C A T I O N  
DMAP-BMAP INSTRUCTION 

NO I 

76 CHKPNT ULLvLLLB 

79 DMpMLL,MLR,MRR/MR$ 

80 CHKPNV MR $ 

81 LABEL LBL6 B 

83 SAVE LUSETDPNQUEINOEED O 

84 COND ERROR2 v ROEEDB 

86 CHKPNT U S E T D ~ E & D ~ E Q D Y M ~ ~ F B O Q ~ ~ ~ G ~ ~ Q G M & ~ S ~ ~ ~ , ~ L D ~ ~ P L B  B 

89 CHKPNT LAMABPH%A~M%DBEIGS % 

91 SAVE CARDNO O 

94 PARAM P / C ~ N P M P Y / V ~ N ~ R E P E A T E ~ C ~ N P I # C ~ N P - ~  S 

95 JUMP LBL.13 5 

96 LABEL bBb13 $ 

97 PURGE P H I H ~ C L A M A P O P H Z H ~ C P H ~ D ~ C P W " ~ P P ( ~ ~ P C B O ~ ~ C ~ V ~ C P H ~ P ~ O E ~ ~ ~ V ~ ~ ~ C ~ /  
NEVER B 

99 SAVE REPEATEeNOLOBP S 



MODAL COMPLEX EIGENVALUE ANALYSIS 

H I G l l D  FORMAT DMWP LPS'TINF 
SEI.IIES L 

R I G I D  FORMAT 20 

N A S T R A N  5 o u u c ~  P R O G R A M  C O M P X L A T I O N  
DMAP-DMAP INSTRUCTION 

1\10, 

102 SAVE N O K ~ P P ~ M O M ~ P P P N O B ~ P P  !6 

103 PURGE K2DD/NOK2PP/M2DD/NOM2PP/B2DD/NOB2PP$ 

604  EQUEV M ~ P P I M ~ B Q / N O S E T / B ~ P P ~ B ~ D D / N O S E T / K ~ P P ~ K ~ D D / N O S E T $  

105 CHKPNT K ~ P P ~ M ~ P P ~ B ~ P P P K ~ D D I M ~ D D B ~ D  B 

107 CHKPNT K ~ D D ~ M ~ D D , B ~ D D , G O D P G M D  S 

109 SAVE NONCUPeFMODE B 

110 CHKPNT MHHpBHHeKHHePHIDH 5 

112 PAVE EIGVS $ 

113 CHKPNT P H I H ~ C ~ A M A P O C E I G S  % 

114 OFP O C E I G S ~ C L A M A Q ~ ~ V / / V I N P C A R B N O  B 

115 SAVE CARQNO B 

118 SAVE NOH, NOP $ 

119 CONR LBLlbeNOH F 

120  OFP 0~nbt-i~~ , P v / / ~ s 1 4 v ~ ~ ~ ~ ~ ~  8 

121 SAVE CARDNO % 

122 LABEL LBL16B 
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RIGID FORMAT DMAP LISTING 
SERIFS L 

RIGID FBRMAT 110 

N A S T R A N  S O U R C E  P R O G R A M  C O M P I L A T I O N  
DMAP-DMAP LNSTRUCIlON 

NO e 

1 2 4  PHXHPPHIBI-I/CPHID B 

1 2 5  CWKPNT CPHXD B 

1 2 6  U S E T D ~ ~ C P H X D ~ ~ V G O D I G M B I ~ K F S ~ ~ / C P H X P ~ V Q P C / C P N ~  /CvN,DYNAMICSS 

1 2 9  OFP O C P ~ I P ~ O Q P C ~ ~ O E F C ~ ~ O E S C I ~ ~ / / V ~ N P C A R D N O  3 

130  SAVE CARRNO B 

1 3 1  LABEL L B L l 7 8  

1 3 2  CONB FlNISeREPEATE B 

1 3 3  REPT L B L l 3 t 1 0 0  B 

134  JUMP ERROR3 B 

135  JUMP FINLS B 

136  LABEL ERROR3 B 

137  PRTPARM //C~N~-~/CVNIMDLCEADB 

138  LABEL ERROR2S 

139  PRTPARM //CtN,-2/C,NtMDLCEADB 

140  LABEL ERRORlS 

1 4 1  PRTPARM //CrN,-1/CvNtMDLCEADB 

1 4 2  LABEL ERRORYB 

143  PRTPARM / /CPNP-~/CQN~MDLCEABB 

144  LABEL F I N I S S  

145  END B 
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3. GP1 generates coordinate system transformation matrices,  tables  of gr id  point locat ions ,  
and tables fo r  r e l a t i n g  in ternal  and external gr id  point  numbers. 

6. GP2 generates Element Connection Table wi t h  in ternal  indices.  

8. PLTSET transforms user input in to  a form used t o  dr ive  s t ruc tu re  p lo t t e r .  

10. PRTMSG pr in t s  e r r o r  messages associated wi t h  s t ruc tu re  p l o t t e r .  

14. Go t o  DMAP No. 17 i f  no undeformed s t ruc tu re  plot  request. 

15. PUT generates a l l  requested undeformed s t ruc tu re  p lo t s .  

16. PRTMSG pr in t s  p l o t t e r  data and engineering data f o r  each undeformed plot  generated. 

18. GP3 generates Grid Point Temperature Table. 

20. TA1 generates element tables  for use in  matrix assembly and s t r e s s  recovery. 

22. Go t o  DMAP No. 140 and p r i n t  e r ro r  message i f  there  are no s t ruc tu ra l  elements. 

25. SMAl generates s t i f f n e s s  matrix [K' 1 and Grid Point Singular i ty  Table. 
gg 

27. SMA2 generates mass matrix [M 1. 
9 9 

29. Go t o  DMAP No. 140 and p r i n t  e r ro r  message i f  no mass matrix e x i s t s .  

31 . Go t o  DMAP No. 35 i f  no weight and balance request .  

32. GPWG generates weight and balance information. 

33. 0FP formats weight and balance information and places i t  on the system output f i l e  f o r  
printing.  

36. Equivalence [K' 1 t o  [ K  ] i f  no general elements. 
9 9 99 

38. Go t o  MAP No. 41 i f  no general elements. 

39. SMA3 adds general elements t o  s t i f f n e s s  matrix [K' 1 t o  obtain s t i f f n e s s  matrix [ K  1. 99 99 
43. GP4 generates f l ags  defining members of various displacement s e t s  (USET) and forms multi-  

point const ra int  equations [ R  1 (u 1 = 0. 
g 9 

47. Equivalence [K 1 t o  [Knn]  and [M 1 to  [ M n n ]  i f  no mu1 t i  point  const ra ints  . 
99' 99 

49. Go t o  MAP No. 53 i f  general elements present.  

50. GPSP determines if possible gr id  point s ingular i  t i e s  remain 

51. 0FP formats t ab le  of possible gr id  point s ingu la r i t i e s  and places i t  on the system output 
f i l e  f o r  pr in t ing.  

54. Go t o  DMAP No. 59 i f  no multipoint const ra ints .  

55. MCEl pa r t i t ions  multipoint  const ra int  equations [R  1 = [Rm R n ]  and solves for  mu1 t i -  9 
point const ra int  transformation matrix [Gm] = -[R,,,I-'[R~I 
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57. MCEP pa r t i t ions  s t i f f n e s s  and mass matrices 

and 

and performs matrix reductions 

Equivalence [K,,] t o  [ K f f ]  and [ M n n ]  t o  [ M f f ]  i f  no single-point constra ints .  

Go t o  DMAP No. 65 i f  no single-point constra ints .  

SCEl pa r t i t ions  out s i  ngl e-point constraints 

and [M ] = n n 

Equivalence [ K f f l  t o  [ K a a l  and [ M f f ]  t o  [Mas] i f  no omitted coordinates. 

Go t o  DMAP No. 71 i f  no omi t t ed  coordinates. 

SMPl pa r t i t ions  constrained s t i f fness  and mass matrices 
I 

[ K  ] = ---- 
f  f  ra Koa and f f  

1 solves for  transformation matrix [Go] = -[KO,]- [ K o a ]  

T and performs matrix reduction [Kaa]  = [kaa] + [Koa][Go] 

T T T 
and [Maal = [ia,] + [MoaIIG,l + [Gol [Moal  + [GoIIMool[Gol. 

Go t o  DMAP No. 81 i f  no free-body supports. 

RBMGl par t i  t i  ons out free-body supports 

RBMG2 decomposes conitrai  ned s t i f fness  matrix [KQQ] = [LQQ][UpQ] 
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7 9 .  RBMG3 forms r igid body transforniati on matrix 

calculates r ig id  body check matrix 

and calculates r igid body err-or rat io  

T - .  79. RBMG4 forms r igid body mass matrix Emr] = EMrr ]  + [MLILDI + [ D ~ I [ M ~ ~ I  -+ [D lLNIkd[Dl. 

32. DPD generates flags defining members of various displacement se t s  used in dynamic analysis 
(USETD) , tables relat ing internal and external grid point numbers, including extra points 
introduced for  dynamic analysis , and prepares Transfer Function Pool and Eigenval ue 
Extraction Data. 

84. Go to MAP No, 138 and print  error message i f  no Eigenvalue Extraction Data, 
d d 85. Equivalence [Go] to  [Go] and [Gnl] to  [Gm] i f  no extra points introduced for dynamic 

analysis 

87. READ extracts real eigenval ues from the equation 

Baa - x M ~ ~ I C U ~ )  = 0 , 

calculates r igid body modes by findjng a square rr~atrlx [+,,] such tha t  

I's di agonal and normal i zed and computes ri  g i  d body ei genvectors 

pm 'tri;l 

- 
cal cu1;tes modal mass matrix 

[.I = C + ~ I [ K , , I ~ $ ~ ]  

and normalizes ei  genvectors aceordi rig to  on$ of the f e i  lowing user requests : 
1 ) Uni "evlue of  selectecl co:~rs? nste 
2) Unit va lue  o f  largest  cm~ponent 
3) Unit value of generalized mass, 

90. flFP formats the summary of ei  genval ues and sumnary of eigei~val ue extraction lnforiilation and 
places them on ?he system output f i l e  f ~ r  printing. 

92. Go t o  DMAP No, '142 and print  error message i f  no eiger!values found, 

95. Go to next DMAP instruction i f  cold s t a r t  or modified r e s t a r t .  LBLl3 will be altered by 
the Executive System to  the proper location inside the 'loop for unmodified s t a r t s  within 
the loop. 

96. Beginning of loop for additional sets  of direct  input matrices. 

98. CASE extracts user requests from CASECC for current loop. 
2 2 2 

101. MTRXIN selects the direct  input matrices for the current loop, [K 1 ,  [M 1 and [ B  1. PP PP PP 
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2 2 2 2 104. Equivalence [M ] t o  [Rdd] ,  [E! ] t o  [B:~] iind [ K  ] t o  [h&] i f  no const ra in ts  applied. 
DP PP PP 

3 
106. GKAD dpplies c o n s t r a i i ~ i s  to  d i r ec r  input matrices [K- j ,  j and [ B ~  1, forming [K:~], 

2 2 PF PP PP C M d d l  and CBddl  . 
108. GKM assembles s t i f f n e s s  mass and damping matrices in  modal coordinates f o r  use in Complex 

Eigenvalue Analysis. 

[Khhl = [k]  c ~ ~ ~ I [ K ~ ~ I [ $ ~ ~ I  9 

[MhhI = Lm1 ' [ $ ~ h ~ / ~ ~ d ~ [ @ d h ~  Y 

where m i  = modal masses 

and d i r e c t  input matrices may he complex. 

11 1 .  CEAD ex t rac t s  camplex eigenvalues from the  equation 

and normalizes eigenvectors accordi ng t o  one of the  fol  Towing user requests : 
(1 ) U n i t  magnitude o f  se lec ted  coordinate 
( 2 )  Unit magni tude of l a r g e s t  component. 

114. OFP formats the  sumiary of complex e i  genval ues and summary of eigenvalue ext rac t ion informa- 
t ion  and places them on the system output P i l e  f o r  pr in t ing.  

116. Go t o  DMAP No. 931 i f  no com~lex eigenval ues found. 

117, VBR prepares eigenvectors fnu  output,  using only the ex t ra  points introduced f o r  dynamic 
analys is  and modal cnordi nates.  

119. Go t o  DMAP No. 122 i f  no output request  f o r  the ex t ra  points introduced f o r  dynamic analys is  
or modal coordinates. 

120. 0 F P  formats eigenvectors fo r  ext ra  po'i nts introduced for dynamic analys is  and modal coordin- 
a t e s  and places them on the  system output f i l e  f o r  pr in t ing.  

123. Go t o  DMAP No. 731 i f  no output request  iiivolviny dependent degrees o f  freedom or  forces and 
s t r e s s e s .  

124. DDRl transforms the complex e i  yenvectors fro01 modal t o  physical coordinates 

[$,I = Codi?lC$,S. 
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126. SDR1 recovers dependent components o f  el'genvectors 

T 
and recovers s ing le -po in t  forces o f  c o n s t r a i n t  Cqs) = [Kfs]{+f I .  

128. SDR2 ca lcu la tes  element forces and stresses (DESC1, OEFC1) and prepares eigenvectors and 
s ing le -po in t  forces o f  cons t ra in t  f o r  ou tuptu t  (OCPHIP, OQPC1). 

129, OFP formats tab les  prepared by SDR2 and places them on system output  f i l e  for  p r i n t i n g .  

132. Go t o  DMAP No. 144 i f  no add i t i ona l  sets o f  d i r e c t  i n p u t  matr ices need t o  be processed. 

133. Go t o  DMAP No. 96 if add i t i ona l  sets o f  d i r e c t  i n p u t  matr ices need t o  be processed. 

134. Go t o  DMAP No. 136 and p r i n t  e r r o r  message i f  more than 100 loops. 

135. Go t o  MAP No. 744 and make normal e x i t .  

137. MODAL COMPLEX EIGENVALUE ANALYSIS ERROR MESSAGE N@. 3 - ATTEMPT TO EXECUTE MORE THAN 100 
LOOPS. 

139. M@DAL COMPLEX EIGENVALUE ANALYSIS ERR@R MESSAGE NO. 2 - EIGENVALUE EXTRACTION DATA REQUIRED 
FgR REAL EIGENVALUE ANALYSIS. 

141. MODAL COMPLEX EIGENVALUE ANALYSIS ERRgR MESSAGE NO. 1 - MASS MATRIX REQUIRED FOR M@DAL 
FORMULATION. 

143, MgDAL COMPLEX EIGENVALUE ANALYSIS ERR@!? MESSAGE N@. 4 - REAL EIGENVALUES REQUIRED FOR MgDAL 
FORMULATION. 



R I G I D  FORMATS 

3.1.1.3.1 B i t  P o s i t i o n s  f o r  C a r d  Name R e s t a r t  T a b l e  

C a r d  Name 

A X I C  
CELASl  
CELASZ 
CELAS3 
CELAS4 
CMASSl 
CMASS2 
CMAS S 3 
CMASS4 
CORD1 C 
CPRDlR 
cpRD1 S 
CORD2C 
CPRD2R 
cgmns 
GRDSET 
GRID  
PO I NTAX 
R I  NGAX 
SECTAX 
SEQGP 
SPDINT 
BARPR 
BEAMPR 
CBAR 
CBEAM 
CCPNEAX 
CPNROD 
CQDMEM 
CQDPLT 
CQUADl 
CQUAD2 
CRPD 
CSHEAR 
CTflRDRG 
CTRAPRG 
CTRBSC 
C T R I  A 1  
CTRIA2  
CTR I ARG 
CTRMEM 
CTRPLT 
CT UB E 
CTWIST 

B i t  P o s  . 
1 
1 
1 
1 
9 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

C a r d  Name 

PBAR 
PBEAM 
PCBNEAX 
PQDMEM 
PQDPLT 
PQUADl 
PQUAD2 
PRBD 
PSHEAR 
PTPRDRG 
PTRBSC 
P T R I A l  
P T R I A 2  
PTRMEM 
PTRPLT 
PTUBE 
PTW I S T  
GENEL 
CONMI 
CgNM2 
PELAS 
PMASS 
MAT 1 
MAT2 
MAT 3 
MATT 1 
MATT2 
MATT 3 
TABLEMl  
TABLEM2 
TABLEM3 
TABLEM4 
TEMPMT$ 
TEMPMX$ 
MPC 
MPCADD 
MPCAX 
MPC$ 
SPC 
S P C l  
SPCADD 
SPCAX 
SPC$ 
P M I T  

B i t  P o s  . 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
4 
5 
5 
6 
7 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
9 
9 
9 
9 

10 
10 
10 
10 
10 
1 1  

C a r d  Name 

BMIT.1 
flMITAX 
SUPAX 
SUPORT 
TEMP 
TEMPAX 
TEMPD 
WTMASS 
GRDPNT 
PLPTEL 
PLOT$ 
PPuT$ 
APUT$ 
LBPP$ 
L P P P l $  
COUPMASS 
NPLPOP$ 
EPBINT 
SEQEP 
T F 
DMIG 
B2PP$ 
K2PP$ 
M2PP$ 
TF$  
E I G P  
E IGR 
METHBD$ 
E IGC 
CMETH@D$ 
HFREQ 
LFREQ 
LMPDES 
SDAMP$ 
TABDMPl 

B i t  P o s e  

1 1  
11 
1 2  
1 2  
1 3  
1 3  
1 3  
1 4  
15 
11 6 
9 8 
1 9  
2 1 
2 2  
2 3 
2 4  
25 
56 
56 
56 
57 
57 
57 
57 
5 7 
58 
58 
59 
6 0  
6 1 
6 2  
6 2  
6 2  
6 2  
6 2  
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3.11.3.2 B i t  P o s i t i o n s  f o r  F i l e  Name R e s t a r t  T a b l e  

F i l e  Name 

BGPDT 
CSTM 
EQEX I N 
GPDT 
GPL 
S I L  
E CT 
GPTT 
ECPT 
EST 
GEI  
GPCT 
GPST 
KGGX 
MGG 
KGG 
RG 
USET 
YS 
OGPST 
GM 
KNN 
MNN 
KFF 
KFS 
MFF 
G0 
KAA 
KIblaB 
L0Ib 
MAA 
M0AB 
M0IbB 
upla 
KLL 
KLR 
KRR 
MLL 
MLR 
MRR 
L L L  
ULL 
DM 
M R 
EED 
EQDY N 

B i t  P o s .  

94 
9 4 
94 
94 
94 
9 4 
9 5 
96 
97 
9 7 
9 7 
9 7 
98 
98 
99 

100 
101 
101 
101 
102 
103 
104 
104 
105 
105 
105 
106 
106 
106 
106 
106 
106 
106 
106 
107 
107 
107 
107 
107 
107 
108 
108 
109 
110 
111 
111 

F i l e  Name 

GPLD 
S I L D  
TFPfljJL 
USETD 
LAMA 
M I  
P H I A  
PEIGS 
CASEXX 
B2PP 
K2PP 
M2PP 
GMD 
GPlD 
B2DD 
K2 DD 
M2DD 
BHH 
KH H 
MHH 
PHIDH 
CALMA 
gCEIGS 
PHIH 
gPH I H 
CPHID 
CPHIP 
QPC 
flCPHIP 
PEFCl  
gESC1 
PQPCl 

B i t  Pos  . 
111 
11 1 
111 
11 1 
112 
11 2 
11 2 
112 
113 
11 4 
11 4 
11 4 
115 
115 
115 
175 
115 
116 
116 
116 
116 
117 
11 7 
117 
118 
119 
120 
120 
127 
121 
121 
121 



RIGID FORMATS 

3.11.3.3 Card Name Restart Table 

DMAP 
1 - *  1.E t . - _ - _ 10 

Bit Pos i t i on  
20 30 40 

BEGIh  _ _  1234567890123456 89 1234 
F I L E  1234567890123456 89 1234 
GP l  1 
S A V E  1 

Ct-tKPhT 12 45  
PLTSET 
S A V E  
P K T M S G  
C HK PkT - - _ - - - - 
S E T V A L  
SAVE - _ - 8 
C CND 8 
PLOT 8 
V R T M S G  R 

CHKPNT 1 3 
T A l  I f 234567 
S A V E  1234567 
C CND 12345678 4 
PbRGZ -_ _ - 1224563'. _ - -- - - 
CHKPNT 1234567 

S FA2 123  5 78 4 4 
SAVE 123 5 7 8  4 4 

OF-P - . 1.23- 5 7 8  4 5 
S A V E  123 5 7 8  4 5 

_LABEL m- 5ZEF- - -45 - -  -- .- - 
E G U I  V 123 6 8 

bnBf i 1234 6. B 
PARAP 1 9012 
G P4 1 9 0 1 2  
S A V E  1 9012 
P ARAM & YC12 
PLKGE 1 9C12 

. F A V ~ V  - 522556789 . - 4  _ 
CtiKPPiT 2 9 
CGNO - 123 6 8 0 
G PSP 123 6 8 G 
OF$ 123  6 8 C 
S A V E  2 2 3  6 8 0 
L4_81-;k - $ 2 3  6.8 O 
C CND 123456789 4 
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DMAP B i t  Posi t i o n  
i 10 IF!:- - _ - 20 30 40 50 60 

CHKPhT- 123456789 4  
LABEL 123456789 4  
ECUI  V 1234567890 4  
CHKPhT 1234567890 4  

-C_C_N_D -_-_ - 12-345b7 - -- - _ 
SCE 1  1234567890 
CHKPhT 1234567890 4  
LABEL lZ3 f t567890 4  
EQUIV. 12345678901 4  
CHKPNT 12345678901  4  
C GND ___ L2_24467?39?1-- - _  - -  4 . -- - ---- __--. _ - - -- _ _  - -- - - -- 
S M P l  12345678901 4  
C HKPNT- _ 1224-567 830-1 - - 4 _ 
LABEL 12345678901 4  
CCND - 123456789012 4  _ 
R BMG 1 123456789012 4  
CHKPN-T- _ 123456789QLZ - - - _-  - - - _4 _ - -- 
HDMGZ 2234 6  89022 
CHKPhT 1234  6  e 9 c l 2  
RBMG3 1234 6  89012 
CHKPNT 1734  h 89012 
RBPG4 123456789012 4  
llLLK_P_N.J- -- Lil3f?i671BPelZ --- -. ---9 - - - -- _. - -_ ---__ _ _ _ - - - - - -- - -- 
LABEL 123456789012 4  
0 P E L  L -90-1 2--- -- - - - - - -. 6 8 0  - 

SAVE 1 9 0  12 6  8 G 
CCND 1 - - - - 9 0 1 L -  -- -- _ . ._ 5 8 9  .- 

EGUIV 1234567e9012 234 6789 
G K K - P ! _ L  9QJ.L - - - - - . 6 8 -_ - . -- - - 
READ 1234567896 12 4 8 9  
=YE ._- 123456789012 -- _ 4- . - - - - -- 89 
CHKPNT 123456789012 4  09 
OFfl _ -  1 2 3 4 5 6 7 8 9 ~ 1 2 .  - 4 _ - 8 9  - 

SAVE 123456789612 4  8 9 
6 GND .- - l i23! i5h lEeS  12- _-----_ -_- .--_ _ . - ._ . - - -- - . 89 -- -- - _-_-- 
PARAM 2 3  
P A R A L  _ 12345670901234 6 -  - _ 23 - 6789312 .- 

JUMP 2 3 
.- 5s-s _ - _ _ 1 _  3 - - - --_ - -- - - -- -_ - -- - - 

LABEL 1234567890123456 89 123 6789012 
_PUHGE--___  - -_ 2% ---- __ __ _ _ - - -  a- 

CASE 123456789z1234 6 23 5  6789012 
SAVE 12345678901234 6  23 5 6789C12 
CHKPhT 12345678901234 6  23 5  6789612 
M T R X I N  _ 1 23 67 
SAVE 1 23 6  7 
PtRGE _-- 123456789012  _ 23 - _ - _  - 67 - 

E P U I V  123456789012 23 6  7 
CHKPhT 123456789012 23 67 
GKAD 123456789012 234 6789 
CHKPhT 123456789012 234 6789 
GKAM 123456789012 234 6789 2  

- SiA\ll-. _--121_4_5_6_7891;42 ___23_4_ _ -- -- - 678s  2 - 
CHKPNT 123456789612 234 6789 2  
C EAD 123456789012 234 6789C12 
SAVE 123456789C12 234 6789L12 
CHKPhT 123456789012 234 6789GlZ 
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DMAP B i t  PosS t i on  
Ins t .  -- - -- - - - 1 10 ._ - - -  . 30 - . PO _ 

-0Fp - 1 ~ 3 4 5 ~ 7 8 3 Q 1 2  _ 234 6?8_8G-P12 - -. - 
SAVE 123456789012 234 6789C12 
C CNL) 1 - 

VCR 1 
SAVE _- - --- - - - -- - A -- 1 - - -- -- - - -- .- --- - - - - -- - 
C ChD 1 
OFP _ 
SAVE 
LABEL - 1 _ - 

C ChD 123456789612 23 4-- 6 
- 12345618901.2 _ - -  - -- 234 - - -- - - - -. _ _  _ 6789C12 -- - -- - - -  

L23456789C12 234 6789C12 
SDR1 123456789012 234 6789Cl2 
C HK P N T 1134567e9612 234 6789C12 
SUR2 
OFP 

_SAVE _ - - - _  *- - - -- - -- -- 9 ----- - - - - . -A .. - -- - - - - - - -- -- - . 
hABk L 123456789012 6789012 
CON0 23 _ _  . -_ 

S S S  1 3  
REP T - - -  23 
% S S  1 3  

23 -JLPP._ -_ . - - -- - _- -- - - - - - - - - - -. - - - - 
6 SS 1 3  
JUMP 123456789C123456 89 1234 - - 678YC12 _-- 
LABEL 23 
$ ss 3 . _ -  _ _  
PRTPAKM 
~ S S ~ _ _  ----L_2 - _  _- - - -- -_ _ -- - -  - - - . - - - -  . - .  

LABEL 1234567890123456 89 1234 
P R T P A R C  123456789CL23456 89 1234 
L A B t L  1234567896123456 89 1234 
PRTPAKV 123456789CL23456 89 1234 
LABEL P234567890LL3456 89 1234 
P K T P A R M  123456789G123456 89 h Z 3 k  - --- - 
LABEL 1234567890123456 89 1234 

1234567890123456 89 1234_- ._ - _ _ _ _ -- - -_ E h D  _ -- -- 
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3.11 .3.4 Rig id  Format Change R e s t a r t  Tab? e 

DMAP B i t  P o s i t i o n  DMA P Bit P o s i t i o n  
I n s t .  6 3 - - 70 80 - .  -- I n s t ,  6 3 7c _ 80  

B E G I h  345678961 34 CHKPhT 
F I L E  3456789C1 34 LABEL 
G P l  E G U I  V 
SAVE ChKPNT 
CHKPNT _ - - _ . a CCNO - - 
G P2 SCE 1 
CHKPRT CHKPhT 
P L T S E T  L A B E L  
S 4VE E C U l  V 
PUTMSG CHKPNT 
G H K P b L - -  -_  - -  - - - - - - -  - - - - * cchici- - - - 
SETVAL S M P l  
SAVE CHKPhT 
C CNO L A B E L  
PLOT - C CNO 
PRTMSG RHMG 1 
L AkE  L - -  - .  CHKPNT - 
G P 3  U BMGZ 
CHKPFcT CHKPNT 
TA1v  KUPG'J  
SAVE ChKPNT 
C CNO R B Y G 4  
PURGk _ - - _ - _  CHKPbT - . - -. 
CHKPNT LAt3EL 
SPA1  - - - - -- - DPD 
CHKPNT S A V t  
SPA2 3 6 7 8  _ - .  C CNtJ 3456789C1 34 
SAVE 3 618 E G U I V  

.CSNSL_-. -3 - 4 X Q  --- -_ __ - - _ CHKPNT - _  _ _ - _ -- 
CHKPNT 3 678 R EAO 
CCNQ - - -- - - .- SAVE 
GPWG CHKPFIT 
OFP OFP 
SAVE SAVE 

LAB&!= . - _ . . . _. . -- - .. . -_- _ - . -CPW 3.556789L- 34- -- - - - - _  -- -- 
EGUT \I PARAP 
CHKPNJ - PARAP- 34.56789Cl 34 . - 

C ONU JUMP 345678901 34 
SH.(A% - - _ - - - - .- . . - - L A B E L  7456789G1 3 4  .- - - 
CHKPNT PURGE 
L A B E L  - - - A - - - - - - - CASE - 3456789Cl 34  
PAHAP SAVE 3456789Cl 34 
G P4 CPKPNT 345676901 34 
SAVE MTRX I N  
PARAP - SAVE - 

PLRGE PUiRGE 

C CND 
GPSP 
OFP 
SAVE 
L A B E L -  A -- - 
C CND 
MCE Z 
CHKPNT 
MCEZ 

kFU1 tr _- --- - - - -- . _ - _ -  - - 
CHKPNT 
GKAD 
CHKPNT 
G KA P 
SAVE 
C t i K P h l  _ 
C EAD 
S A V t  
C t i K P N I  
OFP 
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DMAP B i t  Pos i t i on  
Ins t .  63__- _ 0 _- 80 

SAVE 
C CND 
VDR 
SAVE 
C GNU - - - - - 

UFP 
S 4VE 
LABEL 
C CND 
OOKl 
G hK_p_NI- " - -- -- _ - -- -- . - _ -- --- . 
SDRl 345678YC.1 34 
CHKPNT . 3-4567891'1__34_ - - 

SUH2 
OFP 
SAVE 
LABEL - -- 
C CND 3456789C1 34 
HEPT 3456789CL 34 
JUMP 3456769C1 34 
JLMP 3456789Cl 34 
LABEL 3456789C.1 34 
PKTPARE- - 34%i7892 L--3% - -- - - - 
LABEL 3456789Cl 34 
PRTPARM - 3456789CL 34 _ - - - 

LABEL 3456789Cl 34 
- P R T P A R I Y  3456769CL 34 - 

LABEL 345678921 34 
_._P R-T PA!UL -- 245h789C l L .  -- _ _ -  - _ - 

LABEL 3456789Cl 34 
EhD - - 3456789(31 34 -- _ _ 
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3.11.3.5 F i l e  Name Res t a r t  Table 

DMAP B i t  Pos i t ion  DMAP B i t  Pos i t ion  
Inst, .  _ - . 2 4 -  _-.- 109- - IIQ 1 1 0- 129 Inst_.-_ -__ 94 - -100 - _ 120 
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DMAP B i t  P o s i t i o n  
Ins t .  - - 2% --100_- - 1 1 0  120 

S AWE 7 
C LNO 8 
V DR 8 
SAVE 8 
C CMD - - - - 8 
0 FP 8 
SAVE 8 
LABEL 8 
C CND 9 
D D R l  9 
CHKPfiL _ -- .. - 9 
S O K l  0 
CHKPNT 0 
SIIRZ 1 
OFP 1 
S AWE 1 
LABEL - - -  - 
C OND 
KEPT 
JUMP 
JLMP 
LABtL 
P R r p  ARlu - -- - -- - _-- ----- ? - -  
LABEL 
PKTPARP _ _ 
LABEL 
PKTPARM 
L A B f  L 
PRYPAR8 . -- - - 
LABEL 
EI\;D . 



MODAL COMPLEX EIGENVALUE ANALYSIS 

3.11 .4 &mati c  OutpuL  fo r  Modal Complex Gigenval ue A n a l y s i s  

The Eigenvalue Summary Table and t h e  E iger~va lue  Ana lys is  Summary, as descr ibed  under Normal 

Mode A n a l y s i s ,  a re  a u t o m a t i c a l l y  p r i n t e d .  A1 l r e a l  e igenva l  ues e x t r a c t e d  a re  i n c l u d e d  even 

though n o t  a l l  a r e  used i n  t h e  modal f o r m u l a t i o n .  

The Complex Eigenvalue Summary Table and t h e  Complex Eigenvalue A n a l y s i s  Summary, as 

descr ibed  under D i r e c t  Complex Eigenvalue Ana lys is ,  are a u t o m a t i c a l l y  p r i n t e d  f o r  each s e t  o f  

d i r e c t  i n p u t  m a t r i  ces . 

3.11.5 Case Cont ro l  Deck and Parameters f o r  Modal Complex Eigenvalue Ana lys is  

The f o l l o w i n g  i tems r e l a t e d  t o  subcase d e f i n i t i o n  and d a t a  s e l e c t i o n  must be cons idered  i n  

a d d i t i o n  t o  t h e  l i s t  presented w i t h  D i r e c t  Complex Eigenvalue Ana lys is :  

1 .  METHOD must appear above t h e  subcase l e v e l  t o  s e l e c t  an EIGR c a r d  t h a t  e x i s t s  i n  t h e  

Bul k Data Deck. 

2. A l l  of t h e  e igenvec to rs  used i n  t h e  modal f o r m u l a t i o n  must be determined i n  a s i n g l e  

execu t ion .  

3. An SPC s e t  must be s e l e c t e d  above t h e  subcase l e v e l  un less t h e  model i s  a  f r e e  body o r  

a l l  c o n s t r a i n t s  a re  s p e c i f i e d  on GRID cards,  S c a l a r  Connect ion cards o r  w i t h  General 

Elements. 

4. SDAMPING must be used t o  s e l e c t  a  TABDMPl t a b l e  i f  s t r u c t u r a l  damping i s  des i red ,  

Output  t h a t  may be requested i s  t h e  same as t h a t  desc r ibed  under D i r e c t  Complex Eigenvalue 

A n a l y s i s .  Output  f o r  SOLUTIPN p o i n t s  wi 11 have t h e  modal coord ina tes  i d e n t i f i e d  by t h e  mode 

number determined i n  Real E igenval  ue Ana lys is  . 

The e i  genvectors used i n  t h e  modal f o r m u l a t i o n  may be o b t a i n e d  f o r  the  SOLUTION p o i n t s  by 

u s i n g  t h e  ALTER f e a t u r e  t o  p r i n t  t h e  m a t r i x  o f  e igenvec to rs  f o l l o w i n g  the  e x e c u t i o n  o f  READ. The 

e igenvec to rs  f o r  a l l  p o i n t s  i n  t h e  model may be ob ta ined  by runn ing  t h e  problem i n i t i a l l y  on t h e  

Normal Mode Ana lys is  r i g i d  fo rmat  o r  by making a ~nod i  f i e d  r e s t a r t  us ing  t h e  Normal Mode Ana lys is  

ri g i  d  fo rn ia t *  

The f o l  low i  rig parameters are used i n  Modal Complex Eigenval ue Ana lys is  : 
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GRDPNT - optional - A positive integer value of this  parameter wi 11 cause the Grid Point 1 '  - 
Weight Generator to  be executed and the resulting weight and balance information to  be 

printed. 

2. WTMASS - optional - The terms of the mass matrix are mu1 t ip l ied  by the real value of th i s  

parameter when they are generated in SMA2. 

3 .  CflUPMASS - optional - a positive integer value of t h i s  parameter will cause the genera- 

tion of coupled mass matrices rather than lumped mass matrices for a l l  bar elements, rod 

elements, and plate elements that  include bending s t i f fness  (see Section 3.1 for  l i s t  of 

elements). 

4. LFREQ and HFREQ - required unless LMBDES i s  used. The real values of these parameters 

give the frequency range (LFREQ i s  lower limit and HFREQ i s  upper l imit)  of the modes t o  

be used in the modal formulation. 

5. LMflDES - required unless LFREQ and HFREQ are used. The integer value of this  parameter 

i s  the number of lowest modes to  be used in the modal formulation. 



3.12 MODAL FREQUENCY AND RANDOM RESPONSE 

RIGID FORMAT 11 

N A S T R A N  S O U R C E  P R O G R A M  C O M P I L A T I O N  
DMAP-DMAP INSTRUCTION 

NO, 

1 BEGIN NO*11 MODAL FREQUENCY RESPONSE ANALYSIS - SERIES L B 

2 F I L E  LLLzTAPE $ 

4 SAVE LUSETB 

5 CHKPNT GPLQEQEXIN,GPOTVCSTM,BGPDT~SIL S 

7 CHKPNT ECT B 

8 PLTSET PCDBQEQEXINQECT/PLTSETX~PLTPARIGPSETS~ELSETS/VNQNSIL/ VVNP 
JUMPPLOT B 

9 SAVE NSILqJUMPPLOT B 

1 0  PRTMSG PLTSETX//$ 

11 CHKPNT PLTPARPGPSETSPELSETS B 

1 2  SETVAL //VvNePLTFLG/CeNvl/V(N,PFILE/C~NeO B 

13 SAVE PLTFLGpPFILE B 

14  COND PltJUMPPLOT S 

15 @ PLTPAR r GPSETS t ELSETS r CASECC Q BGPDT, EQEXIN v SIL ,  , /PLOTXI/ V ,  N, 
NSIL/V~N~LUSET/VQNQJUMPPLOT/VQN~PLTFLG/VNQPFILE B 

17 LABEL P 1  B 

19 CHKPNT GPTT B 

Of SAVE NOGENL,NOSIMPtGENELB 

22 COND ERRORltNOSIMPB 

23 PURGE OGPSP/GENELB 
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RIGID FORMAT BMAQ LISTING 
SERIES L 

RIGID FORMAT 11 

N A S T R A N  S O U R C E  P R O G R A M  C O M P J L A T I Q N  
DMAP-DMAP INSTRUCTIOM 
NO, 

26 CHKPNT KGGXtGPSTS 

27 C S T M I M P T ~ E C P T I G P C T ~ D I T / M F G B B ' V ~ Y P W T M A S ~ ~ ~ ~ ~ ~ / V ~ N ~ N O M G G / V ~ ~ J ~ N O B G G /  
V P Y P C@UPMASS=-1 $ 

28 SAVE NOMGGS 

29 CQND ERRQR1,NQMGGB 

30 CWKPNT MGG B 

31 COND LGPWGtGRDPNTB 

33 OFP O G P W G P P P I ~ / / V ~ N , C A R B N O  $ 

34 SAVE CARDNO S 

38 COND LBbIfsMOGENb B 

40 CHKPNT K G G  B 

41 LABEL bBLll B 

42 PARAM / / C ~ N V M P Y / V ~ N ~ N S K X P / C B N ~ O / C P N B O S  

44 SAVE M P C F ~ ~ S % N G ~ E I O M T T ~ R E A C T ~ N O ~ E T B M P C F ~ ~ N S K I P P R E E A T N O L N O A  B 

46 PURGE G M ~ G M ~ / M P C F ~ / G O ~ K O O ~ ~ L Q O ~ U O O ~ M O O B P F ~ O A B B G O D / ~ M X T / K F ~ ~ P S ~ / S I N G L E /  
Q P C / N O S R / K L R ~ X R R ~ M L R P M R R D D M ~ M R / R E A C T / M D B / ~ A C C  B 
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RIGID FORMAT DMAP LISTING 
SERIES L 

/-' 
RBGbiO. FORMAT 11 

N A S T R A N  S O U R C E  P R O G R A M  C O M P I L A T 6 O N  
BMAP-BMAP INSTRUCTION 

NO * 

49 COND LBLYeGENEL $ 

50 GPL~GPST~USETISPL/OGPST $ 

51. OFP O G P S T V P V ~ V / / V P N V C A R D N O  B 

52 SAVE CARBNO S 

53 LABEL LBL4 S 

54 CHKPNT GMB 

58 CHKPNT KNNpMNN S 

59 LABEL LBL2 B 

60 EQUXV KNNpKFF/SINGLE/MNNvMFF/SINGLEB 

61 CHKPNT KFFtMFF B 

62 COND LBL3vSINGLE 0 

64 CHKPNT KFSrKFFvMFFB 

65 LABEL LBL3 B 

66 EQUIV KFF,KAA/OMXT/ MFFPMAA/OMITB 

69 CHKPNT KAAvMAA B 

70 CHKPNT KAApMAAvGOS 

7% LABEL LBL5 S 

72 EQUIV KAA,KLL/REACT 

73 CHKPNT KLL S 

94 COND LBLGvREACT B 



RIGID FORMATS 

RIGID FORMAT DMAP LISPING 
SERXES b 

RIGID FORMAT 11 

N A S T R A N  S O U R C E  P R O G R A M  C O M P I L A T I O N  
DMAP-DMAP INSTRUCTION 
NO, 

76 CHKPNT KLL,KLRpKRRrMLLtMLRpMRRB 

77 JUMP LBL8 $ 

78 LABEL LBL4 B 

79 COND LBL7 r MODACC % 

80 LABEL LBLB B 

83 COND LBL7vREACT B 

85 CHKPNT DM B 

86 @ DM, MLL, MLR r MRR/MR$ 

87 CHKPNT MR 8 

88 LABEL LBL7 B 

89 a DYNAMICS 1 GPL, SIL, USETIGPLD, SILO, USETD tTFPOOL,DLT pPSDL,FRLr r P 
EED,EQDYN/V~N~LUSET/V~N~LUSETD/VQNINOTFL/V~NPNODLT/V~N~NOPSDL/  
V , N ~ N O F R L / V ~ N I N O N L F T / V , N ~ T R L / V I N V N O E E D / C P N ~ ~ ~ / V I N I N O U E  S 

90 SAVE LUSETD,NOUE,NODLTINOFRL,NOEED~NOPSDL B 

92 PURGE 

93 EQUIV 

94 CHKPNT 

96 SAVE 

97 CHKPNT 

98 OFP 

99 SAVE 

100 CONB 

K A A , M A A , M R , D M , E E D ~ U S E T ~ C A ~ E C C / L A M A , P H I A ~ M I , ~ E I G ~ ~ ~ , N ~ M ~ D E ~ ~ V ~ N ~  
NE I GVS 

NEIGV % 

LAMA~PHIAvMIeOEIGS B 

O&IGS,LAMA,tt,//VrNvCARDNO '5 

CARDNO $ 
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R I G I D  FORMAT BMAP L ISP ING 
SERIES L 

R I G I D  FORMAT 11 

N A S T R A N  S O U R C E  P R O G R A M  C O M P I i A T I O N  
BMAP-DMAP INSTRUCTION 

NQ e 

1 0 2  PARAM / / C ~ N ~ M P Y / V V N ~ R % P E A T F / C I N V ~ . ! C P N V - ~  $ 

1 0 3  JUMP LBL13  B 

1044 LABEL L B L 1 3 3  

1 0 5  PURGE OUAVCl~OUNVC2~XYPLfFAvOPPCPtOQPC1tOUPVC1vOESC~~OEFClrOPPC2~ 
O Q P C ~ V O ~ J P V C ~ ~ O E S C ~ ~ O E F C ~ ~ X Y P L T F ~ P S D F I A U T O P X Y P L T R / N E V E R  % 

106 @ CASECC 1 PSDL/CASEXX/C v N, FREQ/Vp N v REPEATF/V, N t NOLOOP P 

1 0 7  SAVE REPEATFtNQLOOP B 

1 0 8  CHKPNT CASEXX % 

1 0 9  @ CASEXX t MATPOOL, EQDYN 1 v TFPOOL/KPPP t MPPP, BZPPIV, N p LUSETDIV v N, 
N O K ~ P P / V ~ N I N O M ~ P P / V ~ N P N O B ~ P P  $ 

110 SAVE N O K ~ P P ~ N O M ~ P P V N Q B ~ P P  B 

111 PURGE K2DD/NOK2PP/M2DD/NOM2PP/BirDD/NOB2PPB 

1 1 2  PARAM / / C ~ N ~ A N B / V P N ~ M D E M A / V V N V N O U E / V ~ N ~ N O M ~ P P B  

113 EQUIV M ~ P P ~ M ~ D D / N O A / B ~ P P V B ~ D D / N Q A / K ~ P P ~ K ~ D D / N O A / M A A M D D / M D E M A  % 

1 1 4  CHKPNT K ~ P P v M ~ P P P B ~ P P ~ K ~ D D P M ~ D D Q B ~ D B P M D D  $ 

$16 CHKPNT M D D V G M D ~ G O D I K ~ D D , M ~ D D P B ~ D D  S 

1 1 8  SAVE NONCUPtFMODE $ 

119 CHKPNT MHHvBHHtKHHtPHIDH 55 
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RlGPD FORMAT DMAP L IST ING 
SERIES L 

R I G I D  FORMAT 11 

N A S T R A N  S O U R C E  P R O G R A M  C O M P P L A T X O N  
DMAP-DMAP INSTRUCTION 

NO I 
NIFREQRESP/V,NPNOUE/V~NQREACT/VIN~FRQSET S 

1 4 9  CHKPNT UDV2FpUEVFpPAF $ 

150 EQUJV UDV2FpUDV1F/NOMOD $ 

1 5 1  CHKPNT U D V l F  B 

1 5 2  LABEL LBLMOD B 

153 U S & T D , , U D V 1 F , , r G O D , G M D p P S F p K F S ~ p / U P V C ~ ~ Q P C / C N 1 / C N D Y N A M C S  $ 

154  CHKPNT UPVCIQPC S 

156 SAVE NOSORT2 3 

1 5 7  COND L B L I ~ P N O S O R T ~  $ 

1 5 8  OPPClrOQPCI~OUPVC1~OESCl~OEFCl~/OPPC2~OQPC2~OUPVC2vOE§C2~ 
OEFC2r B 

1 5 9  CHKPNT O U P V C ~ ~ O P P C ~ ~ O Q P C ~ P ~ E S C ~ , ~ E F C ~  $ 

1 6 0  OFP O P P C ~ ~ ~ Q P C ~ Q O U P V C ~ ~ ~ E F C ~ O O E S C ~ ~ / / V ~ N ~ C A R D N O  B 

161 SAVE CARDNO B 

1 6 3  SAVE PFILEvCARDNO B 

165 COND LBL14vNOPSDL S 

167 SAVE NORD $ 

1 6 8  CHKPNT PSDFtAUTO 3 

169 CONB LBL14,NORD B 

171 SAVE PFPLEtCARDNO B 



RIGID FORMATS 

R IGID FORMAT DMAP L ISTING 
SERIES L 

RIGID FORMAT 11 

N A S T R A N  S O U R C E  P R O G R A M  C O M P I L A T I O N  
DMAP-DMAP INSTRUCTION 

NO, 

1 7 3  JUMP LBL14 B 

1 7 4  LABEL LBL18 3 

175  OFP OU~VCltOPPC1tOQPC1v0EFCltOESClv//VIN,CARDNO B 

1 7 6  SAVE CARDNO 8 

177  LABEL LBL14 B 

1 7 8  COND FINIStREPEATF 8 

179  REPT L B L l 3 t 1 0 0  0 

180  JUMP ERROR3 B 

1 8 1  JUMP F I N I S  8 

1 8 2  LABEL ERROR3 8 

183  PRTPARM //CtNt-3/CtNtMDLFRRDB 

184  LABEL ERROR28 

185  PRTPARM //C~N~-~/C,NPMDLFRRDB 

1 8 6  LABEL ERRORlB 

187  PRTPARM //CtNt-l/CtNtMDLFRRDB 

188  LABEL ERROR48 

189  PRTPARM //CtNt-4/6vNeMDLFRRD$ 

190 LABEL ERROR50 

1 9 1  PRTPARM //C,N~-S/CPN~MDLFRRDB 

192  LABEL ERROR68 

1 9 3  PRTPARM //CtNt-6/CtN,MDLFRRDB 

194  LABEL F I N I S $  
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3.12.2 Description of DMAP Operations fo r  Modal Frequency and Random Response 

3. GP1 generates coordinate system trans formati oil (riati-.i ces , tables  of g r i d  point locat!cns , 
and tables  for  r e la t ing  internal and external gr id  point numbers. 

6. GP2 generates Element Connection Table with internal indices.  

8. PLTSET transforms user input in to  a form used to  drive s t ructure  p lo t t e r .  

PRTMSG prints  e r ro r  messages associated w i t h  s t ructure  p lo t t e r .  

Go t o  DMAP No. 17 i f  no undeformed s t ructure  p lo t  request.  

PL0T generates a1 1 requested undeformed s t ruc tu re  plots .  

PRTMSG prints  p l o t t e r  data and engineering data f o r  each undeformed p lo t  generated. 

GP3 generates Grid Point Temperature Table. 

TA1 generates element tables  fo r  use in matrix assembly and s t r e s s  recovery. 

Go t o  DMAP No. 186 and p r i n t  e r ro r  message i f  there are  no s t ructural  elements. 

SMAl generates s t i f f n e s s  matrix [ K X  ] and Grid Point Singularity Table. 
99 

SMA2 generates mass matrix [M 1. gg 
Go t o  DMAP No. 186 and p r i n t  e r r o r  message i f  no mass matrix ex i s t s .  

Go t o  DMAP No. 35 i f  no weight and balance request.  

GPWG generates weight and balance information. 

BFP formats weight and balance information and places i t  on the system output f i l e  for  
printing. 

Equivalence [KX 1 t o  [K ] i f  no general elements. 
99 99 

Go t o  DMAP No. 41 i f  no general elements. 

SMA3 adds general elements to  s t i f fness  matrix [ K X  1 t o  obtain s t i f f n e s s  matrix [K  1. 99 99 
GP4 generates f lags  defining members of various displacement se t s  (USET) and forms mu1 t i  - 
point constra int  equati ons [R  ] ( u  1 = 0. 

g 9 
Equivalence [ K  1 to  [ K n n l  and [M 1 to  [Mnn]  i f  no mu1 t i  point constra ints .  

99 99 
Go t o  DMAP No. 53 i f  general elements present.  

GPSP determines i f  possible grid point singulari  t i e s  remain. 

OFP formats t ab le  of possible grid point s i n g u l a r i t i e s  and places i t  on the system output 
f i l e  for  pr int ing.  

Go t o  DMAP No. 59 i f  no mu1 t i  point constra ints .  

MCE1 par t i t ions  mul t i  point constra int  equations [ R  ] = [ R m  Rn] and solves fo r  mu1 t i -  
g 

point constra int  transformation matrix [Gm] = -[R~]-'[R,]. 
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59 .  MCE2 par t i t ions  s t i f f n e s s  and mass matrices 

and performs matrix reductions 

60. Equivalence [KnnI t o  [ K f f ]  and E M n n ]  t o  [ M f f ]  i f  no single-point constra ints .  

62. Go t o  DMAP No. 65 i f  no single-point constra ints .  

63. SCEl pa r t i t ions  out s i  ngle-poi n t  constraints 

[Knnl = [$I::] and [Mnn]  = [::;.:] . 

66. Equivalence [ K f f ]  t o  [Kaa] and [Mffl t o  [Ma,] i f  no omitted coordinates. 

68. Go t o  MAP No. 71 i f  no omitted coordinates. 

69. SMPl pa r t i t ions  constrained s t i f f n e s s  and mass matrices 

and 

I solves fo r  transformation matrix [Go] = - [ K ~ ~ ] -  [KO,] 

- T and performs matrix reduction [ K a a ]  = [Ka,] + [Koa][Go] 

T T 
and IM,,I = [Ma,] + IM:~I[G~I + I G ~ I I M ~ ~ I  + ~ G ~ I [ M ~ ~ I [ G ~ I .  

72. Equivalence [Kaa] t o  [KRR]  i f  no free-body supports. 

74. Go t o  DMAP No. 78 i f  no free-body supports. 

75. RBMGl par t i t ions  out free-body supports 

and 

77. Go t o  DMAP No. 80 

79. Go t o  DMAP No. 88 i f  no request for  mode acceleration data recovery. 

81. RBMG2 decomposes constrained s t i  ffness matrix [Kg%] = [LRR][URR]. 

83. Go to  WAP Ro. 88 i f  no free-body supports. 
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88. RBMG3 forms r i g i d  body transformation matrix 

1 6131 = -CKgRI- [KJ, 

calculates r i g i d  body check matrix 

[XI = Rrr1 + [K;~I[DI,  
and calculates r i g i d  body e r ro r  r a t i o  

T 86. RBMG4 forms r i g i d  body mass matrix [my] = [Mrrl + I M ~ ~ I [ D I  + [ D ~ I [ M ~ , I  t [D l[MQ1l[D1. 

89. DPD generates f lags  defining members of various displacement se t s  used in dynamic analysis 
(USETD) , tables  re1 a t ing internal and external gri  d point numbers, including extra  points 
introduced f o r  dynamic analysis , and prepares Transfer Function Pool , Dytlami c Loads Tab1 e ,  
Power Spectral Density L i s t ,  Frequency Response Lis t  and Eigenval ue ExtrbL t i  on Data. 

91. Go t o  DMAP No. 184 and p r in t  error  message i f  no Eigenvalue Extraction Data. 

d d 93. Equivalence [Go] t o  [Go] and [Gm] t o  [G,] i f  no extra  points introduced fo r  dynamic analysis .  

95. READ extracts  real  eigenvalues from the equation 

[ K a a  - xMaalIua) = 0 , 

calculates r i g i d  body modes by finding a square matrix [$,,I such that  

T Cmol  = C$rolCmrlE4rol 

i s  diagonal and normalized and computes r ig id  body ei  genvectors 

calculates modal mass matrix 

[ml = [ ~ L I [ M , ~ I [ + ~ I  
and normalizes e i  genvectors accordi ng to  one of the fol 1 owing user requests : 

1)  Unit value of selected coordinate 
2) U n i t  value of l a rges t  component 
3) Unit value of generalized mass. 

98. @FP formats the summary of eigenvalues and summary of eigenvalue extraction information and 
places them on the system output f i l e  for  printing. 

100. Go t o  DMAP No. 188 and p r in t  e r ro r  message i f  no eigenvalues found. 

103. Go t o  next DMAP ins t ruct ion i f  cold s t a r t  or  rnodi f i ed  r e s t a r t .  LBL13 will  be a1 tered by 
the Executive System t o  the proper location ins ide  the loop fo r  unmodified s t a r t s  within 
the loop. 

104. Beginning of loop for  additional se ts  of d i r e c t  input matrices. 

106. CASE extracts  user requests from CASECC for  current loop. 

2 2 2 109. MTRXIN se lec t s  the d i r e c t  input matrices for  the current loop, [K 1 ,  [M ] and [B 1. 
PP PP PP 
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2 2 2 2 2 2 Equivalence [M ] t o  [ M d d a ,  [B 1 to [ B d d ]  and [ K  ] t o  [ K d d ]  i f  no const ra in ts  applied and 
PP P P PP 

[Mas] t o  [Mdd] i f  no d i r e c t  inputmass  matrri ces and no ext ra  points introduced fo r  Dynamic 

analys is .  
2 2 2 2 GKAD applies const ra in ts  t o  d i r e c t  input matrices [Kppl. E M p p ]  and [ B p p l ,  forming [Kddl, 

2 IM:~I and [Bddl. 

GKAM assembles s t i f f n e s s  mass and damping matrices in  modal coordinates f o r  use in  Frequency 
Response. 

where mi = modal masses 

and d i r e c t  input  matrices may be complex. 

Go t o  DMAP No. 190 and p r i n t  e r r o r  message i f  no Frequency Response L i s t .  

Go t o  DMAP No. 192 and p r i n t  e r r o r  message i f  no Dynamic Loads Table. 

FRRD forms the dynamic load vectors (Phi and solves f o r  the  displacements using the follow- 
ing equation 

Equivalence ( P  1 t o  CPd l  i f  no const ra in ts  applied. 
P 

VDR prepares displacements, sor ted  by frequency, f o r  output using only the ext ra  points 
introduced fo r  dynamic analys is  and modal coordinates (solution points) .  

Go t o  DMAP No. 142 i f  no output request  f o r  solution points.  

Go t o  DMAP No. 139 i f  no output request  fo r  solution points sor ted  by ext ra  point or mode 
number. 

SDR3 s o r t s  the  solut ion point  displacements by ext ra  point  or mode number. 

0FP formats the  requested solut ion point displacements sor ted  by ex t ra  point  or mode number 
and places them on the  system output Fi le  f o r  pr in t ing.  

XYTRAN prepares the  input f o r  X-Y p lo t t ing  of the solution point displacements vs. frequ- 
ency. 

XYPLBT prepares requested X-Y p lo ts  of the  solution point displacements vs . frequency. 

Go t o  DMAP No. 142. 

@FP formats the  requested solut ion point  displacements sorted by frequency and places them 
on the  system output f i l e  f o r  pr in t ing.  
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143. Go t o  DMAP No. 179 i f  no output request  involving dependent degrees of freedom or  forces and 
s t r e s s e s .  

-145. DDRl transforms the  solut ion vector- of di splacemei?ts f r~ i i i  n;odi;l t o  physi ca? c o ~ r d :  nates 

147. Go t o  DMAP No. 152 i f  mode accelera t ion technique not requested 

148. DDR2 calcula tes  an improved displacement vector using the mode acceleration technique, i f  
requested. 

153. SDRl recovers dependent components of displacements 

T and re,covers s ingle-point  forces o f  cons t ra in t  {qs3 = -{PSI + [Kfs ]{uf l  . 
155. SDR2 calcula tes  element forces and s t r e s s e s  (OESCl, f9EFC1) and prepares load vectors ,  d i s -  

placement vectors and single-point  forces of cons t r a in t  fo r  output (OPPCl, OQPCI, OUPVC1) - 
a l l  sor ted  by frequency. 

157. Go t o  MAP No. 174 i f  no output requests sor ted  by point  number or  element number. 

158. SDR3 prepares requested output sor ted  by point  number o r  element number. 

160. OFP formats the  requested output sor ted  by point  number or  element number and places i t  on 
the system output f i l e  fo r  pr in t ing.  

162. XYTRAN prepares the  input fo r  requested X - Y  p lo t s .  

164. XYPLBT prepares requested X - Y  p lo ts  of displacements, fo rces l  s t r e s s e s ,  loads or  s ingle-  
point forces of const ra in t  vs. frequency. 

165. Go to  DMAP No. i97 i f  no Power Spectral  Density L i s t .  

166. RANDP)M calcula tes  power spect ra l  densi ty functions and autocorre la t ion  functions using the 
previously ca lcula ted  frequency response. 

169. Go t o  DMAP No. 177 i f  no RANDOM cal c i  ; 7 ons requested 

170. XYTRAN prepares the  input fo r  requesteb A - Y  p lo ts  of the  RANDOM output. 

172. XYPLBT prepares requested X - Y  plots of autocorre la t ion  functions and power spectral  densi ty  
functions.  

173. Go to  DMAP No. 177 because there are nu  f r e q u e n ~ j  re iponse  3u lou t  i % e y u c - t i  I -  z ~ c i  by 
frequency. 
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PFP formats the frequency response output requests sorted by frequency and places them on 
the system output f i l e  for pri nti ng . 
Go to OFlAP No. 194 i f  no addl tional sets  of direct  input matrf ces need to be processed. 

Go to  M A P  No. 104 i f  additional sets  of direct  input matrices need to be processed, 

Go to  M A P  No. 182 and print  error  message i f  more than 100 loops. 

Go t o  DMAP No. 194 and make normal ex i t .  

MODAL FREQUENCY AND RANDOM RESPONSE ERROR MESSAGE NO. 3 - ATTEMPT T@ EXECUTE MBRE THAN 900 
LOBPS. 

MODAL FREQUENCY AND RANDPM RESPfiNSE ERROR MESSAGE NQ). 2 - EIGENVALUE EXTRACTIgN DATA 
REQUIRED FBR REAL EIGENVALUE ANALYSIS. 

MPDAL FREQUENCY AND RANDOM RESPONSE ERROR MESSAGE NO, 1 - MASS MATRIX REQUIRED F0R MODAL 
FflRMULATI9N. 

MODAL FREQUENCY AND RANDPM RESPONSE ERRP)R MESSAGE N@. 4 - REAL EIGENVALUES REQUIRED FP)R 
MODAL FORM ULAT I flN. 

MflDAL FREQUENCY AND RANDgM RESPgNSE ERROR MESSAGE NO. 5 - FREQUENCY RESPgNSE L I S T  REQUIRED 
F0R FREQUENCY RESPflNSE CALCULATIONS. 

MBDAL FREQUENCY AND RANDOM RESPONSE ERRPR MESSAGE NP). 6 - DYNAMIC L@ADS TABLE REQUIRED FflR 
FREQUENCY RESPDNSE CALCULATIONS. 
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3.12.3 R e s t a r t  T a b l e s  f o r  M o d a l  F r e q u e n c y  a.nd Random R e s p o n s e  

3 . 1 2 . 3 - 1  B i t  P o s i t i o n s  f o r  C a r d  Name R e s t a r t  T a b l e  

C a r d  Nanie -- 
A X I C  
CE LAS 1 
CELAS2 
CELAS3 
CELAS4 
CMAS S 1 
CMASS2 
CMAS S 3 
CMASS4 
CQRDl C 
CQRDl R 
CQRDlS 
CORD2C 
C@RD2R 
CORD2S 
GRDSET 
GRID 
PQINTAX 
RINGAX 
SECTAX 
SEQGP 
SPgINT 
BAROR 
BEAMQR 
CBAR 
CBEAM 
CCgNEAX 
C@NR@D 
CQMEM 
CQ DP L T  
CQUAD1 
CQUAD2 
CRQD 
CSHEAR 
CTORDRG 
CTRAPRG 
CTRBSC 
C T R I A l  
CTR I A 2  
CTRI ARG 
CTRMEM 
CTRPLT 
CT UB E 
CTWIST 
PEAR 
PBEAM 
PCQNEAX 
PQDMEM 
PQ DP LT  
PQUAD1 

B i t  P o s .  C a r d  Name 

PQUADZ 
PRQD 
PSHEAR 
PTg RDRG 
PTRBSC 
PTRI A1 
PTRIA2  
PTRMEM 
PTRPLT 
PTUBE 
PTWI ST 
GENEL 
CONMI 
CONK2 
PELAS 
PMASS 
MAT 1 
MAT 2 
MAT 3 
MATT 1 
MATT2 
MATT3 
TABLEMl 
TABLEM2 
TABLEM3 
TABLEM4 
TEMPMT$ 
TEMPMX$ 
MP C 
MP CAD D 
MPCAX 
MP C$ 
SPC 
SPCl 
SPCADD 
SPCAX 
SPC$ 
OMIT 
OMIT1 
OM I TAX 
SUP AX 
SUP@RT 
TEMP 
TEMPAX 
TEMPD 
WTMASS 
GRDPNT 
PLQTEL 
P LP)T $ 
P @ U $  

B i t  Pos  . 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
4 
5 
5 
6 
7 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
9 
9 
9 
9 

1 0  
1 0  
1 0  
1 0  
10 
11 
1 1  
1 1  
12 
1 2  
1 3  
1 3  
1 3  
14 
15 
16 
18 
19 

C a r d  Name 

XY OUT$ 
AOUT$ 
LO@P$ 
LBP)Pl$ 
CP)UPMASS 
NOLO@P$ 
RANDOM$ 
MP DAC C 
TABRNDI 
TABRND2 
TABRND3 
TABRND4 
RANDPS 
RANDTl 
RANDT2 
EPQ I N T  
SEQEP 
T F  
M I G  
BPPP$ 
K2PP$ 
M2PP$ 
TF$  
DAREA 
DELAY 
DLOAD 
DPHASE 
FREQ 
FREQ1 
FREQ2 
RLgADl  
RLOAD2 
TABLED1 
TABLED2 
TABLED3 
TABLED4 
EIGR 
METH@D$ 
D L ~ A D $  
FREQ$ 
HFREQ 
LFREQ 
LM@ DES 
TABDMPl 
SDAMP$ 

B i t  Pos . 
2 0  
2 1  
2 2 
2 3  
2 4  
25 
2 6 
5 3 
54 
54 
54 
54 
5 5 
5 5 
55 
56 
5 6 
56 
5 7 
5 7 
5 7 
57 
57 
58 
58 
58 
5 8 
5 8 
58 
58 
5 8 
58 
58 
58 
58 
58 
59 
6 0  
6 1 
6 1 
6 2 
6 2 
6 2  
6 2  
6 2  
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3.12.3.2 B i t  Pos i t ions  f o r  F i l e  Name Restart. Table 

F i  1 e Name B i  t Pos . 
BGP DT 94 
CSTM 94 
EQEX I N 94 
GPDT 94 
GPL 9 4 
SIL 94 
ECT 95 
GPTT 96 
ECPT 97 
EST 9 7 
GEI 97 
GPCT 97 
GPST 98 
KGGX 98 
MGG 99 
KGG 100 
RG 101 
USET 101 
YS 101 
0GPST 102 
GM 103 
KNN 104 
MN N 104 
KFF 105 
KFS 105 
MFF 105 
G0 106 
KAA 106 
KBBB 106 
'-pa 106 
MAA 106 
MQAB 106 
MBBB 106 
u00 106 
KLL 107 
KLR 107 
KRR 107 
ML L 107 
MLR 107 
MRR 107 
LLL 108 
UL L 108 
CM 109 
MR 110 
DLT 111 
EE D 11 1 
EQDYN 11 1 

File Name 

FRL 
GPLD 
PSDL 
SILD 
TFPBflL 
USETD 
LAMA 
M I  
BEIGS 
PHI A 
CASEXX 
B2PP 
K2PP 
M2PP 
B2DD 
GMD 
G0D 
K2DD 
M2DD 
MDD 
BHH 
KHH 
MHH 
PHIDH 
PDF 
PPF 
PSF 
UHVF 
BUHVCl 
PUHVC2 
PAF 
UDV2F 
UEVF 
QPC 
UPVC 
DEFC1 
0ESC1 
BPPCl 
BQPCl 
DUPVC1 
BEFC2 
gESC2 
BPPC2 
0QPC2 
BUPVC2 
UDVl F 
PSDF 
AUT0 

B i t  Pos . 
111 
111 
111 
111 
111 
111 
11 2 
112 
112 
11 2 
113 
114 
11 4 
114 
115 
115 
11 5 
115 
11 5 
115 
116 
116 
11 6 
116 
11 7 
117 
11 7 
117 
11 8 
119 
120 
120 
120 
121 
121 
122 
122 
122 
122 
122 
123 
123 
123 
123 
123 
124 
125 
125 



MODAL FREQUENCY AND RANDOM RESPONSE 

- ~ .- - -- -. - - - - 

DM AP Bi t  Pos i t ion  
I n s t .  -.-- I 7 0 20 ____.~ 30 . - -_ 40 50 60 

EGI N -_12_3_k5_6_7S9Cf2345A901~ - ____- 
F I L E  1234567890 123456 8801234 

1 - _ .- _ _ . . -. . . . -- - - . . - - 
SAVE 1 

12 4 5  !&!!e!u 6 - 
PLTSET 8 
SAVE p---pp..-- - 8 - 

PRTMSG 8 
c HKP NT a 
SETVAL 8 
SAVE - 8 
CCND 8 
P L o T  8 .- 

PKTHSG R 

W K  EN KT__ - 1 _ - - -- --------------- 
T A l  r 1234567 
SAVE - 1234561 
C CNO 12345678 4 
P UR- -- 1 3 4 5 6 7 - - -  
CHKPNT 1234567 
SMAl - 123  6 0 
CHKPNT 123 6 8 
S H A L  4 -- 123  5 7E! 4 - 
SAVE 123 5 7 8  4 4 
!xwL- 123  5 78 4 4 
CHKPhT 123 5 78  4 4 
C GND - - -- 4 5  123 5 _ - 7 L _  - 
GPWG 123 5 7 8  4 5 

4 5  OFP -123578 - -- 

SAVE 123  5 78  4 5 
LABEL 123 5 7 8  --%- 
EQUI  V 123 6 8 
CHKPNT 12_2_-L8 -- 
C CNO 123  6 8 
SML- 12_3_4-h_8 
CHKPNT 1134 6 8 
LABEL l L 1 4  6 8 -- 
PARAM 1 9012  
GP4 L _90_1_2 - - - --- 
SAVE 1 9012  

1 PAR!!C -- 9 0 1 2 ---------____ - -  _ - -- - -- 
PURGE 1 90 12 
EQU 1  V vVLZ33267899 -___-_- 4 - 
CHKPNT 1 9 
C CND 123 -6 8 0  _ - -- - - -- - -- --- - -- 

GPSP 123  6 8 0 
0 F_P 1-23 - 6 8 8-_ __--- - _  - - _  - 

SAVK 123  6 8 0 
L-AB E L - _ l _ ? L 6 - & 0 - - -  - - - --- - -- 
C LND 123456789 4 
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- - 

~ i 4 @  B i t  Posf t i o n  
.h.L L U__- .-_L?!l. 38 _ _ -48 _ _ 

CHKPhri 1 2 3 4 5 6 7 8 9  - _ _ _  - - - - --- 
LABEL 1 2 3 4 5 6 7  89  
E-QULW 1 2 3 4 5 4 7 8 9 0  
CHKPNT 1 2 3 4 5 6 7 8 9 6  
C ON0 - 1 - ~ . ~ + 5 6 ?  a 9 Q ---. _ -- _ 
SCE 1 2234567  890  
CHKPNT 123456$8C1_0 
LABEL 123456789C  
KiQUI V 1 2 3 5 6 7 8 9 9 _ 1  
CHKPNT 123456789C  1  

1 2 3 4 5 6 7 8 9 0 1  CHKPNT 
L ABE L 1 2 3 4 5 6 9 8 9 0  1  

1 2 3 4 5 6 7 8 9 0 1 2 -  - EQULW 
CHKPNT 1 2 3 4 5 6 7 8 9 0 1 2  
C ON0 1 2 3 4 5 6 7 0 9 0 1 2  . -. - . - - - - -- 
RBMG 1  1 2 3 4 5 6 7 8 9 3 1 2  

LABEL ---- - - - 1 2 3 4 - 6  BPO1Z-_  - - - _  - - 
C ON0 2234  6  8 9 0 1 2  
LABEL 1 2 3 4  6  8 9 3 1 2  ---.p-.---.---.-.---p----.--.-..- - - . . .. -- . . .- . - ..~-- 
RRMGZ 1 2 3 4  6  8 9 0 1 2  

RBPiG4 1 2 3 4 5 6 4 8 9 0 1 2  -- - - 4 - -- -- - -- -- - - - --A - - - - -. - 
CHKPNT 1 2 3 4 5 6 7 8 9 6 1 2  4 

L SP_V E_--- 
CCND L 
PURGE 1 -- 9 0 1 2  - - - - - - - - - 
E C U I  V 1 2 3 4 5 6 7 8 9 0 1 2  2 3 4  
GHKPNT 1 9 0 12____-._ 
READ 1 2 3 4 5 6 7 8 9 0 1 2  

1 2 3 4 5 6 7 8 9 0 1 2  SnvE - 
CHKPNT 1 2 3 4 5 6 7 8 9 0 1 2  
OFP -- - - ~2241.6_7_89 QP2- - -- - -A_- _ _ -_ .- - - 9C - -- 
SAVE 1234567 l?9Q12 4 90  

PARA F 1 2 3 4 5 6 4 0 9 6 1 2 3 4 _ 6  - -- -- -- - - -- - 23 - 
J U M P  2  3  
s SS 1- 3- -- -. - - - -- ---_- - -. - _  -_ _. - - - -_ _ 
LABEL 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6  890123  
PUR(;6_ ._______--  - - - - 2 3  - _ -  
C A S E  1 2 3 4 5 6 7 8 9 6  1 2 3 4  4 2 3  5  
SAVE 1 1 3 4 5 6 7 8 9 0 L 2 3 3  6 - - - -- - ---- - 2.3- 5 

1 2 3 4 5 6 7 8 9 0 1 2 3 4  6 23 5 

SAVE 1 2  3  
PURGE_ 123456_18QZd! - _  2 3  
PARAP 1 2 3 4 5 6 7 8 9 0 1 2  23  
EGVZ I& % 2 3 4 5 6 7 @ 0 _ ~  - 2 3 



MODAL. FREQUENCY AND RANDOM RESPONSE 

GHKPhiV ___123456_789CJLZ _ _ -_. -_ k 3  -- - . _-  _ _ - 67 -- 

GKAD 123456789b12 234 3 67 90 
CHKPJT _ 12$4567_890112 - -- .- 234 - - _ _ _ --3-41 %L- 
GKAM 1234567a9012 234 67 90 2 
S A V E  _- - -- _ J 2 3 4 5 6 _ 7 - & ? P l L  - __---6E. 
CHKPNT 123456789012 234 67 90 2 
C Q N P  l123454L@TQl2 -- _ 2% - -- -- - -  - 61 0 9 0 1 2  
G OND 1234567a9012 234 6989~12 

6169012 .___ 1234567090t2 - 234- -. _ -  _ ---_ - F %!v--- 
SAVE 123456789012 234 6789012 
Kw=-..- 1 2 3 4 5 6 ~ ~ ~ Q U - - - 2 4 _ _ _ - -  -..-A 
CHKPNT 123456789812 234 6789012 
V OR - - - 0 1 -- - - ---A 

S A V E  0 1 
C mRIC) _-- - _ - - - - 01.- -- -_ _ - -- - - -- 
C CND 0 1 

e f-a ..... -__ - ... - - 1 . .  -_ ......... . .  .- ... . -  

S A V E  1 
0 1 cHK-!.NT. ... . ____ .- -- . - .. 

X Y F R A N  0 

P '--- --- ---- 
SAVE 1 

123456789012 234  ______--__.---_ ~ - 6 ~ n u  ---_____ PAERE- - 
D D A I  123456789Q12 234 6889032 

6789C12 C-HOIPAI - - 1234562890 12 - -43!! -  - -- -- 

C GNU 123456789012 234 3 6789012 

bSS-- 2 3 - _  - _ __- 
CHKPNT 1234567 89C12 

2 3 us - _-- _ - _- - 

E Q U I  V L23456789012 234 3 6783612 
. s s  - 2 - 3 . -  
CHKPNT 123456789012 234 3 6789012 

SDR3 - _ _  - -_ - - - _so__ -- - - - . - - - - - - - - - - - .- - - - 
CHKPNT 90 

9 -- - - -- -- - 
S A V E  9 
X Y T K A R '  - - _ a _ -  - - - - -  . - - - - 

SAVE 0 
XVPLQT - _ _ - - _ - -_ 0 _ _  - - -_ - - - _ - 
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- -- 
DMA? - - 

- 

B i t  Position 
I n s t .  1 10 

u-___-----_---.--_ ---2P_ 30 - _ 4_O -50 - _ 60 - - 

C OQID .... 6 . . . . . . . . . .  -. - . . . . . . . . .  45 .............-..-.... 
X Y T R A N  i3 
SAME . .- - 
XYPLOT 
u p _ - -  ___ _ - - -  -- - - o - - -  - - 

LABEL 9 
OFP 9 -- - -- -- - - - - - - - - - -. - - - - - - - - - 
SAVE 9 
LABEL . - -- -- 
C C N D  

$ SS k 3 ..... .. - - . . .  -A .......... 
JUMP 23 
D SS 
JUMP 
L S C L -  -_ _-- ____ - - -- - 23. - - 

B SS 1 3 
PRTPARM 2 3 

p-p- - ---- - - --- - - - - - -- -- - - 
0 SS 1 3  
LABEL 1 2 3 4 5 b J 8 9 C 1 2 3 4 5 6  - - 8931234 - 

PKIPARM 1234567890123456 0901234 
LbBEL - - 

PRTPARA 
LABEL _- 1.23456789C12-X4t5&U24---  - 
PWTPARC 123456789C 123456 890 1234 

.... %234549890123456 -8901 234 LABEL _ 
PRTPARM 1234567890123455 8971234  
LABEL 12345678YQ123456  8 V O L 2 3 4  --- 
E ND $ 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6  0901234 



MODAL. FREQUENCY AND RANDOM R E S P O N S E  

- - - --A- 
-- - -- - -- - - -- 

DM AP Bit P o s i t i o n  DMAP Bit P o s i t i o n  
Ins t .  63 70 8_0_-__- I ns t . A A - - _ B e x c  -- - 

CHKPNT 4 EG I N --- 3 5 4 6 3  CL2-5 _ -- - -- -- 
F I L t  3 4 5 6 7 8 9 C 1 2  4 LABEL 
GP1 - - - - -- --- - - -- E Q U I  V _ _  -- --- - - -- -- -- 

SAVE CHKPNT 
CHKPNT -- -- C GNO --- -- - P 

G P2 SCE 1 
_CHI(PNT- _ - C!!!!P&!l - - ___ -- .- 

PLTSET LABEL 
SAVE - -- - -- - EQUI V -- -- --- - --- 
PRTMSG CHKPNT 
CHKPNT --- C CND --- 
SETVAL S MP 1 

-sA!!K-____-- CHKPNT - 
C OkO LABEL 
PLoV - A- - -- ---_____- KQUI\I- --  --- - - _ - - 
PRTMSG- CHKPNT 
LABEL C CND - - -- ---- - -- 
G P 3  R BMG l 
WKI'NT _ - - - _ -- _CxiK! NL_____- 
T A l  r JUMP 

-S4VE . __--- - -- ---- -- -L A W L - _  -- __- _ -- - 
C OND C OND 
PURGE -- LABEL ---- 
CHKPNT R RMG 2 
SPA i CHKPNT - - 
CHKPhT C OMD 
SPA2 -- 3 6 7 8  - R - BPG - 3 -- 
SAVE 3 6 7 8  CHKPNT 
C CND ---- 3 678 -- RBMG4 - 
CHKPNT 3 6 7 8  CHKPNT 
C CND - --- CAB E L -- 
G PWG D PD 

SAVE OF p- _ -- - - - - - 
SAVE C CND 3456789Cl.2 4 
LABEL - - PURGE 
EQUIV  E C U l  V 
C H K p G  _ - -- -- CHKPNT 
C GND READ 
SMA3 -- -- - SAVE - 
CHKPkT CHXPMT 
-! !!@EL.- -- OFP - 

PARA P SAVE 
C CNL) 3 4 5 6 7 8 9 C 1 2  4 GP4- .- - - - - - - - -- 

SAVE PARA M 
PARAC 3 4 5 6 5 8 9 0 1 2  4 !? ARAE"_-- -- -- -- - __ - 

PLRGE JUMP 3456989012 4 
EQUI V -- - LABEL 3 4 5 6 7 8 9 C 1 2  4 
CHKPNT PURGE 
C CND _ - - _ - - _ CASE - -- 3 4 5 6 7 8 9 i 1 2  4 
(3 PSP SAVE 3 4 5 6 7 8 9 C 1 2  4 
OFP - - - - - - - - - CHKPkT 3 4 5 6 7 8 9 C 1 2  4 
SAVE' MTRXIP; 

SAVE LAW- --. --___--___-______- 
C CNO PURGE 
MCEL - - -  PARAP - - - ---A - 

CHKP~VT-  6 U I  V 
MCE2 - _ - - - -- --- - - _- CHKPaio- - -  



RIGID FORMATS 

--. 

M A P  E1t  P o s c t i o n  UMAP B i t  P o s i t i o n  
I n s t .  6 3 70 80 -- - - -- -- - - . - -- I n s t : .  - -  - 6 3 -  - - 70 - 80 

CKKaD - _- - XVP_LCT _ -  
CHKPhT JUMP 
GKAM - - - LABEL - 
SAVE OFP 
CHKPNT -- - - - - - - - - - --a -- - - - - . - - SAVE - -  - 
C CND 3456789C12 4 LA BE^.^ 

3456709912--4 _ C W -  - C END 3456709012 4 
F RRD REPT 3456789C12 4 
S A V E  -- - - - - A _ JUPP 3456789C12 4 
EGUIV J bMP 34567R9C12 4 
CHKPNT -- - - LAeeE1. -_3456_789-C12 4 _ _  . _ __  _ - - 
VDR PRfPARM 3456789012  4 
SAVE - - - - - - - -- -- -- 
C OND 
C ON0 -- . -- - . -- -. -- -- . . -- -. -. .. . -. . - . .- . . --. - - 
CHKPNT 
SDR3 . - - ... - .- . . - - - - .. -. - 
OFP 
SAVE 
CHKPN? 
x YTR_a_N--- -_ -  ---- - - - -- 

SAVE 
XYPLCT -- - - - - -- - -. - 
JUMP 

LABEL 3456789612 4 
PHTPARM 3456789012 4 

LABEL 3456789CLZ 4 
PRTPARM 3456789C12 4 
LABEL 3456789C12 4 
PRTPARM 3456789612 4 

L ABE L -- -- - - --- - -- - - - 

OFP 
SAVE . - .- -- - .- - - - - - -- - - - - -- - - - 

LABEL 
h- -. . -  . -  
PARAI.! 
DORl -. -. - - .- - - .- ~ - -  ~ . . ..~. . - -  

CHKPNT 

CHKPNT - -- - - .- .- -. - . - . . -- ..- . -- . --- . . . . . . -- . 
E Q U I  V 
CHKPNT - - - .- - ... . -~ . - -.--- 

LABEL 
SOH 1 3456789612 .... 4 ~ -. .. -~ -. - 

CHKPNT 3456789012 4 
SDRZ .. ...-.- - 
SAVE 
C GNU .. -. -- --- - . . . - .- - ~ - ~ .  . ... ~.. -. --. - .. . . . - .~ . - - - ~  

SDR3 
.-C.!?#P&! . - . . ~  .. 

OFP 
SAVE .. .. - .- . - . .- ..... . . - . 
XYTRAM 
SAVE 
XYPLCT 
c Nu. -- - . . . - .. -. _. . . . . - . . . - - .- . --- -. - - .  

HANDQP! 
SAVE - . . ..- -~ - ... . .. . .- .-. .. - --. - .- 
CHKPNT 
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R E G I N  -- - CHKPNT - 4 -- 
F I L E  L A B E L  3 4  

5 EQUI V -- _ - - - _ _ _  G P l  -6 
SAVE 4 CHKPNT 5 
CHKPNT 4 ---- c ON0 -- 5 
G P2 5 SCE 1 5 

LH_K P N L 2  C H K !  5 
P L T S E  T L A B E L  5 
SAVE - --- - EQUIV 6 
PRTMSG CHKPNT 6 
CHKPNT --- - C OND 6 
SETVAL SRP1 6 
SAVE CHKPNT 6 
C CND LABE b 6 

_ ! ' L Q 2  -- EQUI -- V .- 7 
PRTMSG CHKPNT 7 
L A B E L  -- - - -- C END 7 
GP3 6 R DMG 1 7 
CHKPFCT 6 - - -- -- CHKPNT 7 
T A 1  r 7 J bMP 

-SAM5 7- LABE L 7 
C ON0 7 C CND 8 90 
PURGE 7 - - 2 -  L A B E L  8 
CHKPNT 7 RBMG2 8 
S M A l  f l  -- CHKPRT -- 8 
CHKPhT 8 C GND 9 
SPA2 RBMG3 - 9 
S AVE 9 CHKPNT 9 

D 9 - RHHG4 0 
CHKPNT 9 CHKPNT 0 
C CND - L A B E L  8 90 
G PUG D PO 1 
OFP - - SAVE 1 - 
SAVE C GND 1 
L A B E L  - - -- 1 - P bRG E 
ECUI  V 0 EQUI V 5 

0 CHKPNT CHKPNT 1 
CCND 0 READ 2 
SHA3 -- 0 SAVE 2 - 

CHKPNT 6 CHKPNT 2 
_ L _ A ~ _ E _ L ~  - Q - OFP 7 
PARAM 1 SAVE 2 
G P4  1 C ON0 2 -- - 
SAVE 1 P AR A P 

1 P~Rlblu-_ p - - _ - - - -  - PARAM 3 -- 
PURGE 1 3 563 90 5 1 JUMP 3 

4 -- 3 -- LAB€  L 
C HKP NT PURGE 
c CN? -_ _ - 2 - _ -- - - - CASE 3 
GPSP 2 SAVE 3 

CHKPNT 0 FQ - _-_ _ -2 _ - _ -. ------ 3 
SAVE 2 MTRX 1 h 4 

2 LAB&- -- - ____ save 4 
C CND 34 PURGE 4 

- - 3 - -- -- -- P A B W M _ _ _ _  - 4 
GHKPNT 3 EQUI \I 4 

4 - _ C_ H 3 5 P P N L ' r - -  MCEE.?- _ - - -- - - - 4 
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- -- -- -- - -- - - - - 

OMAP Bit P o s i t i o n  DMAP BSL P o s i t i o n  
I n s t .  94 1i!?..--_____ 110 -- - 120 - - -  I n s t .  - -23. - - -- 100 .- - 1 10 .- _- -- 120 

G KAD 5 --+- - - --- - - - -- - - XVPLCJ - - 

CHKPNT 5 JUMP 
GKAM - - - 6 -  - LABEL - - -  - 

SAVE 6 OFP 
CHKPNT - - 6 - SAVE -- -- - - A -- - -- - A - 
C CND 7 LABEL 
C UNO - - 7 - - CCND - - -- - - - - - 

F RRD 7 R E P I  
SAVE -- 7 SbMP -- - - .- - - - - -- -- - - - - - -- - - 

EQUI V 7 dUMP 
CHKPNT 7 LABEL - - -- - 
VDR 8 PRTPARP 
SAVE 8 LABEL - - - - -. -- -- - - - - -- - - - - - - - 
C ON0 8 PKTPARP 

8 LABEL C OND - - .  - -  - - -  - - -- - - -_- -_ _- - - - - 

CHKPNT 8 PRTPARP 
SDR3 9 L b l B E L  -- - -- --- 
OFP PRTPARP 
SAVE L AB EL- - --- - - --- - --- - - - - -- - -- - - - - - - - - - - - 
CHUPNT 9 PRTPARH 
XYTRAN - . --- - - - -- --- - LABEL . - -- - - - - - - -  - 

SAVE PRTPARM 
XYPLOT - LABEL - -- - 
JUMP END 

OFP 

LABEL 

PARA P! 
DDR 1 4 . . ~ -. . . .. .. 

CHKPNT 4 
C GND -- c! -. . --- - -- - - . - - - - - - --- - -- - -- . - .- - - - -. . - . . . . . 

DCRZ 0 

EQUI  V Q 
CHKPNT -. -- -- 0 - - 

LABEL 0 
S D R l  - - 1. 
C HK P N T 1 
S DR2 A-- - 
SAVE 2 

3 c aND .- . -. -_ -- .. _ ._. .. . .- . . . - . -. 
SDR3 3 
CHUPNT ~ -- ~ 3 -- . - -- 

OFP 
SAVE - - 
XYTRAN 
SAVE . - - - - - . - . . - - . . - . - - .- --- - - -- .- - - - - - - - .- -- -. -. .... . 

XVPLCT 

SAVE 5 
CHKPNT 5 
C ON0 _ -  --___--- _ _- - - -- - - - -  - --- - -- 

XYTRAN 
SAVE - 
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The Eigenvalue Summary Table and the Eigenvalue Analysis Summary, as described under Normal 

Mode Analysis , are automati cal ly printed. All real eigenval ues extracted are included even 

though not a l l  are used in the modal formulation. 

3.12.5 Case Control Deck and Parameters for  Modal Frequency and Random Response 

The following items related t o  subcase definition and data selection must be considered in 

addition t o  the l i s t  presented with Direct Frequency and Random Response : 

1. METH0D must appear above the subcase level to  se lec t  an EIGR card that  exis ts  in the 

B u l k  Data Deck. 

2 .  All of the eigenvectors used in the modal formulation must be determined in a single 

execution. 

3.  An SPC s e t  must be selected above the subcase level unless the model i s  a f ree body or  

a l l  constraints are specified on GRID cards, Scalar Connection cards o r  with General 

Elements. 

4. SDAMPING must be used t o  se lec t  a TABDMPl table i f  structural damping i s  desired. 

Output that  may be requested i s  the same as that  described under Direct Frequency and 

Random Response. Output for  S0LUTI0N points will have the modal coordinates ident i f ied by the 

mode number determined in Real Eigenvalue Analysis. 

The eigenvectors used in the modal formulation may be obtained for  the SbLUTI0N points by 

using the ALTER feature t o  pr int  the matrix of eigenvectors following the execution of READ. The 

eigenvectors for  a l l  points in the model may be obtained by running the problem i n i t i a l l y  on the 

Normal Mode Analysis r igid format or  by making a modified r e s t a r t  using the Normal Mode Analysis 

rigid format. 

The following parameters are used in  Moda.1 Frequency and Random Response: 

GRDPNT - optional - A positive integer value of th i s  parameter wi 11 cause the Grid Point 1. - 
Weight Generator to  be executed and the resulting weight and balance information to  be 

printed. 

2. WTMASS - optional - The terms of the mass matrix are mu1 t ip l ied  by the real value of th i s  

parameter when they are generated in SMAZ. 

3.12-25 
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3. C@UPMASS - optional - a posi t ive  in teger  value of t h i s  parameter w i l l  cause the  genera- 

t ion  of coupled mass matrices r a the r  than lumped mass matrices f o r  a l l  bar elements, rod 

elements, and p la t e  elements t h a t  .include bending s t i f f n e s s  (see  Section 3.1 f o r  l i s t  of 

elements). 

4. LFREQ and HFREQ - required unless LM0DES i s  used. The real  values of these parameters 

give the  frequency range (LFREQ i s  lower l i m i t  and HFREQ i s  upper l i m i t )  of the  modes t o  

be used in the  modal formulation. 

LM0DES - required unless LFREQ and HFREQ a r e  used. The in t ege r  value of t h i s  parameter 5. - 
i s  t he  number of lowest modes t o  be used in  the modal formulation. 

MgDACC - optional - A pos i t ive  in t ege r  value of t h i s  parameter causes the Dynamic Data 6. - 
Recovery module t o  use the  mode accelera t ion method. 



3 - 1 3  MODAL TRANS1 ENT RESPONSE 

3.13.1 DMAP Sequence f o r  Modal T r a n s i e n t  Response 

R IGID FORMAT 12  

N A S T R A N  S O U R C E  P R O G R A M  C O M P I L A T I O N  
BMAQ-DMAP INSTRUCTION 

NQ. 

1 BEGIN NO112 MODAL TRANSIENT RESPONSE ANALYSIS - SERIES b S 

2 F I L E  LLLzTAPE $ 

4 SAVE LUSETS 

5 CHKPNT GPL~EQEXBN~GPDT~GSTMPBGPDTP~IL B 

7 CHKPMT ECT S 

8 PLTSET P C D B ~ E Q E X I N P E C T / P L T S E T X ~ P L T P A R P G P S E T S ~ E L T S / N I L /  VeNv 
JUMPPLOT $ 

9 SAVE NSILedUMPPLOf B 

1 0  PRTMSG PLTSETX//$ 

11 CHKPNT PLfPAReGPSETSuELSETS $ 

1 2  SETVAL / / V V N ~ P L T F L G / C Q N I ~ / V ~ N ~ P F P L E / C V N ~ Q  B 

13 SAVE PLTFLGePFILE B 

14 CQND PloJUMPPbQT $ 

15 P L T P A R ~ G P S E T S ~ E L S E T S D C A S E C C ~ ~ G P D B P E Q E X I N V L / P L O T /  VpNv 
NSPL/VPN,LUSET/V IN~JUMPPLOT/V IN~PLTFLG/VNPFE 3 

1 6  SAVE dUMPPL0TvPLTFLGtPFPE S 

17 PRTMSG PLOTXI//$ 

1 8  LABEL P I S  

20 CHKPNT GPTT B 

22 SAVE NOGENLtNOSIMPtGENELB 

24 PURGE OGPST/GENELB 



R I G I D  FORMAT 
SERIES L 

RIGID FORMATS 

M A S T R A N  S O U R C E  P R O G R A M  C O M P % L ; W T I Q N  
DMBP-DMWP IidSTRUCT EON 

NO + 

25 CItKPNT EST e E C P h  ,GPCTq GEL r OGPSTB 

2 6 C S V M Q M P T ~ E ~ P T P G P C T V  BIfBKGGXvvGPST/Vp!drNOGENL /VoNpNOK4GGB 

27 GHKPNT XGGXvGPSTB 

29 SAVE MOMGGB 

30 CQND ERWQR H p NQMGGB 

31 CHKPNT M6G B 

32 CQND LGPWGvGBDPNTS 

3 3 BCPDTVCSTMPEBEXINBMGG~QGPWG/V~K~GRDPNP=-~/V~YPWT~~ASSS 

34 OFP QGPWG p e p s s / /V p t."r SARBIJQ $. 

35 SAVE CARUMO B 

36 LABEL LGrJWG$ 

37 EQUIV KGGX#KGG/NOGENb O 

40 GEI rKGGX/KGG/llsr!@ b U S E  /VsNeNBG&N&B$, ~ N Q - B  B 

4 %  CHKPNT KGG 5 

45 SAVE ~ ~ P C F S ~ S I N G ~ E ~ B M $ T ~ R E A C T B M O S E V P M P C F ~ ~ N S K I I P R E A T L N A  S 

47 PURGE G M ~ G M D / M P C F L / G F ~ ~ K Q O B ~ L O O ~ U Q Q ~ M O ~ B ~ M Q A B ~ ~ & ~ B / O M I T / K F S R P S T / S I ~ G ~ E /  
Q P / N B S R / K L R ~ K R R ~ M L K ~ M W R B D M P M R B R E A ~ T  B 

48 EQUIV K G G ~ K N N / M P C F ~ / M G G P M N N / ~ P C F ~ $  

%9 CHKPNT M R R ~ K L R ~ D M ~ M L W ~ M R R ~ M R P G E ~ ~ R G ~ G O B K Q O B ~ ~ Q ~ B B O Q  M O O B ~ M B W B P K F S ~ P S T ~  
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R I G I D  FORMAT DMAP L I S T I N G  
SERIES L 

R I G I D  FORMAT 12 

N A S T R A N  S O U R C E  P R O G R A M  C O M P I L A T P O N  
DMAP-DMAP INSTRUCTION 

NO. 
QPPUSETVKNNIMNN~GODQGMD B 

50 COND LBL4 QGENEL B 

51 GPI, GPST USET, SILIOGPST I 

52 OFP OGPSTIIPPP//V~N~CARDNO P 

5 3  SAVE CARDNO I 

55 COND LBL2eMPCFI B 

5 6  USET ,RG/GM P 

5 7  CHKPNT GMB 

5 8  U S E T O G M ~ K G G I M G G ~ V / K N N P M N N I ~ B  

59 CHKPNT KNNpMNNB 

60 LABEL LBL2 B 

61 EQUIV KNNIKFF/SXNGLE/MNN,MFF/5INGLEI 

6 2  CHKPNT KFFIMFF J 

6 3  COND LBLScSINGLE B 

6 4  @ USET,KNNeMNNt v/KFF,KFSe vMFF, P I 

6 5  CHKPNT KFSQKFFVMFF B 

6 6  LABEL LBL3 B 

6 8  CHKPNT KAAeMAA $ 

69 COND LBL5eOMXT B 

70 a USLT e KFF p MFF, v /GO P KAA PKOOB e LO0 r UOO v MAA e MOOB, MOAB, , 6 

72 LABEL LBL5 B 

73 EQUIV KAA@KLL/WEACT B 

7 4  CHKPNT KLL B 

75 COND LBL6eREACT B 



RIGID FORMATS 

R I G I D  FQRMAT DMAP LISTING 
SERIES L 

R I G I D  FORMAT 12 

N A S T R A N  S O U R C E  P R O G R A M  C O M P I L A T I O N  
DMAP-DMAP INSTRUCTION 

NO e 

77 CHKPNT K L L ~ K L R , K R R P M L L ~ M L R I M R R B  

78 JUMP LBL8 % 

79 LABEL LBL6 B 

80 CONB LBL7,MODACC $ 

81 LABEL LBL8 B 

83 CHKPNT ULLvLLL B 

84 CQND LBbSeREACT B 

85 LtkpVLL~KLRpKKR/DM B 

88 CHKPNT MW $ 

91 SAVE LUSETD~NODL%PNONLFT~NOTRL~NO~~EQNOEEB B 

93 PURGE UEVT/NOUE/PNLH/NONLFf B 

9% GHKPNT UPETD,EQDYN~TFPOOLVDLTPTKL~EEDCGOD,GMD,UEVT~NLFT~PNLH,SILDP 
GPLD B 

96 K A A ~ M A A v M R ~ D M ~ E E D ~ U S E T ~ C A S E C C / b A M A p P H 1 [ A ~ M ~ ~ ~ E ~ G S ~ C ~ N v M O D E 5 ~ V p N ,  
NEIGVB 

97 SAVE NEIGV $ 

98 CHKPNT LAMAqPHZAtMXvOEZGS $ 

100 SAVE CARDNO B 
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K I G I D  FORMAT DMAP LISTING 
h;ERYsS L 

RIGID FORMAT 82 

N A S T K A N  S O U R C E  P R O G R A M  C ~ M P I L A T I O N  
DMAP-DMAP INSTRUCTION 
NO 

103 SAVE NOK2PPpNOM2PPpN082PP $ 

104 PURGE K ~ D D / M Q K ~ P P / M ~ D D / N O M ~ P P / B ~ D D / N O B ~ P P $  

107 CHKPNT K ~ P P ~ M ~ P P ~ B ~ P P ~ K ~ D D ~ M ~ B D P L ~ ~ D D P M D D  B 

109 CHKPNT M D D , G M D Q G O D ~ K ~ D D I M ~ D D P B ~ D Q  B 

11% SAVE NQMCUPtFMODE B 

$12 CHKPNT MHHp BHW eKl+HpPHIBW B 

113 GOND ERROR5,NOTRL B 

616 JUMP LBL13 B 

117 LABEL LBL138 

118 PURGE P N L H ~ O U H V ~ ~ O P N L ~ ~ O U H V ~ D O P N ~ ~ P X Y P L T ~ A ~ O P P ~ ~ O Q ~ ~ Q O U ~ ~ ~ P O E S ~ ~  
O E F ~ P O P P ~ ~ ~ Q P ~ P ~ U P V ~ ~ O E S ~ ; O E F ~ P P L O T X ~ I X Y P L T T / N E V E R  $ 

619 CASECC~/CASEXX/C~NPTRAN/VPNPREPEATT/VBNPNOLOOP B 

120 SAVE REPEATTpNOLOOP B 

12% CHKPMT CASEXX 5 
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RIGID FORMAT DMAP LISTING 
SERIES L 

HIGPP FORMAT 12 

N A S T R A N  S O U R C E  P R O G R A M  C O M P I L A T I O N  
DMAP-DMAP INSTRUCTION 

NO. 

123 CHKPNT UHVTtPDTvPSTvPPT,PNLH $ 

125 SAVE NOH, NOP B 

126 CHKPNT OUHV1,OPNLl B 

127 COND LBL161NOH B 

128 @ O U H V ~ V O P N L I ~ ~ ~ V / O U H V ~ V ~ P N L ~ ~ V ~ ,  P 

129 OFP O U H V ~ ~ O P N L ~ ~ V ? I / / V I N , C A R D N O  B 

130 SAVE CARDNO B 

1 3 1  CHKPNT OPNL2tOUHV2 B 

132 @ XYCDB, OUHVZ , OPNLZ, v v /XYPLTTA/C 1 NI TRANIC I N, HSETIV * Nv PFILE/ V v Nv 
CARDNO B 

133 SAVE PFILEpCARDNO B 

134 @ XYPLTTA// I 

135 LABEL LBLlG B 

136 PARAM //C,NIAND/VVNIPJUMP/VPN~NOP/VVN,JUMPPLOT '5 

137 COND LBLl5vPJUMP B 

138 PARAM / /CVNINOT/VVN,NOMOD/V~Y~MODACC P 

140 CHKPNT UDVlT B 

141 COND LBLMOD e MODACC $ 

143 CHKPNT UDV2TtUEVTpPAF $ 

144 EQUIV UDV2TgUDVlT/NOMOD B 

145 CHKPNT UDVlT B 

146 LABEL LBLMOD B 

1b9 EQUIV UBVITtUPV/NOA B 
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R I G I D  FORMAT DMAP L I S T I N G  
SERIES L 

R I G I D  FORMAT 12 

N A S T R A N  S O U R C E  P R O G R A M  C O M P I L A T I O N  
DMAP-DMAP INSTRUCTION 

NO, 

1 4 9  USETDv VUDVIT,, v GOD, GMD, PSTv KFSr IUPV, v QP/C ,NP l / C  VNI DYNAMICS$ 

1 5 0  LABEL L B L l 4 B  

151 CHKPNT UPVIQP B 

1 5 2  CASEXXt CSTM, MPTt D I T I E Q O Y N ~ S I L D ~  t , BGPDT, PPTt QPv UPV Q EST, XYCDBI 
O P P ~ ~ O Q P ~ I ~ U P V ~ I O E S ~ I O E F ~ ~ P U G V / C ~ N , ~ R A N R E S P  B 

1 5 3  @ OPPl . OQP1 , OUPV1 t OES1 , OEFI  v /OPP2 v OQP2 v OUPV2 v OES2,OEF2 t $ 

1 5 4  CHKPNT O P P ~ I O Q P ~ V O U P V ~ ~ O E S ~ ~ O E F ~  9 

1 5 5  OFP O U P V ~ V O P P ~ ~ O Q P ~ ~ O E F ~ ~ O E S ~ ~ / / V P N I C A R D N O  B 

1 5 6  SAVE CARDNO B 

1 5 7  CON0 P2 e JUMPPLOT $ 

1 5 8  a PLTPAR, GPSETS v ELSETS I CASEXX Q BGPDT I EQEXIN P S I L  v , PUQV/PLOTXZ/ V v N, 
NSIL/V~NILUSET/V,N,JUMPPLOT/V,N,PLTFLG/VNFILE B 

1 5 9  SAVE P F I L E  B 

1 6 0  PRTMSG PLOTX2// B 

1 6 1  LABEL P 2  B 

1 6 2  CHKPNT OQP2tOUPV2tOES2rOEF2,OPP2 S 

1 6 4  SAVE PFILEtCARDNO B 

1 6 5  XYPLTT// B 

1 6 6  LABEL LBk.15 B 

1 6 7  COND FINISpREPEATT B 

1 6 8  REPT LBL13v1008 

1 6 9  JUMP ERROR3 $ 

1 7 0  JUMP F I N I S  B 

1 7 1  LABEL ERROR3 B 

112 PRTPARM //CIN,-J/CVN,MDLTRBB 
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W I G I D  FORMAT D M A P  L I S T I N G  
SERIES b 

R P G I D  F O R M A T  12 

LABEL 

PRTPARM 

LABEL. 

PRTPARM 

LABEL 

PRTPARM 

LABEL 

PRTPARM 

LABEL 

1132 END 4; 
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3.13.2 Description or DVAP Operations fo r  ivlodal Transie 

3. GP1 generates coordinate system transformation matrices,  tables  of gr id  point  loca t ions ,  
and tables  fo r  r e l a t ing  in ternal  and external  g r id  point  numbers. 

6.  GP2 generates Element Connection Table with in ternal  indices .  

8.  PLTSET transforms user input i n t o  a form used t o  dr ive  s t ruc tu re  p l o t t e r .  

10. PRTMSG pr in t s  e r r o r  messages associated with s t r u c t u r e  p l o t t e r .  

14. Go t o  MAP No, 18 i f  no undeformed s t ruc tu re  p l o t  request  

15. PLgT generates a1 1 requested undeformed s t ruc tu re  p lo ts  

17. PRTMSG pr in t s  p l o t t e r  data and engineering data f o r  each undeformed plot  generated. 

19. GP3 generates Grid Point  Temperature Table. 

21. TAl generates element tables  for  use i n  matrix assembly and s t r e s s  recovery 

23. Go t o  DMAP No. 175 and p r i n t  e r r o r  message i f  there  are  no s t ruc tu ra l  elements. 

26. SMAl generates s t i f f n e s s  matrix [K' 1 and Grid Point Singular i ty  Table. 
9s 

28. SMA2 generates mass matrix [M 1. 
99 

30. Go t o  DMAP No. 175 and p r in t  e r r o r  message i f  no mass matrix e x i s t s  . 
32. Go t o  DMAP No. 36 i f  no weight and balance request .  

53. GPWG generates weight and balance information. 

34. DFP formats weight and balance information and places i t  on the  system output f i l e  f o r  
pr in t ing . 

37. Equivalence [K' 1 t o  [K 1 i f  no general elements. 
g g 99 

39. Go t o  DMAP No. 42 i f  no general elements. 

40, SMA3 adds general elements t o  s t i f f n e s s  matrix [K' ] t o  obtain s t i f f n e s s  matrix [ K  1. 
99 gg 

44. GP4 generates f lags  defining members of various displacement s e t s  (USET) and forms multi-  
point  cons t r a in t  equations [R  ]Iu I = 0. 

9 9 
48. Equivalence [ K  ] t o  [Knn] and [M 1 t o  EMnn]  i f  no multipoint  const ra in ts  . 

99 99 

50. Go t o  DMAP No. 54 i f  general elements present.  

51. GPSP determines i f  possible gr id  point  s ingular i  t i e s  remain. 

52. gFP formats the  t ab le  of possible g r id  point  s ingular i  t i e s  and places i t  on the system out- 
put f i l e  fo r  pr in t ing . 

55. Go t o  DMAP No. 60 i f  no multipoint  const ra in ts  . 
56. MCEl pa r t i t i ons  mu1 t i p o i n t  const ra in t  equations [ R  ] = [Rm I Rnj and solves f o r  multi-  

9 
point  cons t r a in t  transformati on matrix [tim] = - [ P , ~ ] - ' K R ~ ] .  
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58. MCE2 par t i t ions  s t i f fness  and mass matrices 

and 

and performs matrix reductions 

61. Equivalence [Knn]  t o  [ K f f ]  and [Mnn]  t o  [ M f f ]  i f  no single-point constra ints .  

63.  Go t o  DMAP No. 66 i f  no sing1 e-poi n t  constraints . 
64. SCEl par t i t ions  out single-poi n t  constraints 

and 

67. Equivalence [ K f f ]  t o  [Kaa] and [ M f f ]  t o  [Mas] i f  no omitted coordinates. 

69. Go t o  DMAP No. 72 i f  no omitted coordinates. 

70. SMP1 par t i  t i  ons constrained s t i f f n e s s  and mass matrices 

solves for  transformation matrix [Go] = - [ K ~ ~ ] - '  [ K ~ ~ ]  

-f and performs matrix reduction [ K a a ]  = [iaa] + [KoaJ IGo]  

T T T 
and [Ma,] = ENaa] + [Moal [Gol  + [GolCMoal  + [ G o l [ M o o l ~ G o l .  

73. Equivalence [Kaa]  to  [ K R R ]  i f  free-body supports. 

75. Go t o  DMAP No. 79 i f  no free-body supports. 

76. RBMGl par t i t ions  out free-body supports 

[ K a a l  = and 

78. Go t o  MAP No. 81. 

80. Go t o  DMAP No. 89 i f  no request fo r  mode acceleration data recovery. 

83. RBMG2 decomposes constrained s t i f fness  matrix [ K R R ]  = [LRB,][URR]. 

84. Go t o  DMAP No. 89 i f  no free-body supports. 
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RBMG3 forms r i g i d  body transformation matrix 

ca lcu la t e s  r i g i d  body check matrix 

[XI = Wn..l + [K;~I[DI,  
and ca lcula tes  r i g i d  body e r r o r  r a t i o  

T RBMG4 forms r i g i d  body mass matrix [mr] = [Mrrl + [Mprl[D] + I D ~ I [ M ~ ~ I  + I D ~ I [ M ~ ~ I [ D I  

DPD generates f lags  defining members of various displacement s e t s  used i n  dynamic analys is  
(USETD) , tables  r e l a t ing  in ternal  and external  gr i  d point  numbers, including ex t ra  points 
introduced for  dynamic analys is ,  and prepares Transfer Function Pool , Eigenval ue Extraction 
Data, Dynamic Loads Table, Nonlinear Function Table and Transient  Response L i s t .  

Go t o  DMAP No. 973 and p r i n t  e r r o r  message i f  no Eigenvalue Extraction Data. 

d d Equivalence [Go] t o  [Go] and [ G , ]  t o  [G,] i f  no ext ra  points introduced f o r  dynamic analys is ,  

READ ex t rac t s  rea l  eigenvalues from the equation 

[ K a a  - AM,,]IU~) = 0 

calcula tes  r i g i d  body modes by finding a sqtcare matrix [$,,I such t h a t  
T Cmol = ~ ~ r o ~ i l n r ~ ~ ~ r o l  

i s  diagonal and normalized and computes r i g i d  body ei  genvectors 

ca lcula tes  modal mass matrix 

[.I = trn:~[M,~~[rn~l 

and normalizes eigenvectors according t o  one of the following user reques ts :  
1 )  Unit value of se lec ted  coordinate 
2 )  Unit value of l a rges t  component 
3) Unit value of generalized mass. 

0FP formats the summary of eigenval ues and summary of eigenval ue ext rac t ion informati on and 
places them on the  system output f i l e  f o r  pr in t ing.  

Go t o  DMAP No. 177 and p r i n t  e r ro r  message i f  no eioenvalues found. 

2 2 MTRXIN s e l e c t s  the d i r e c t  input matrices [ K  1 ,  [M ] and fB2 1. 
PP PP PP 

2 2 2 2 Equivalence [M ] t o  [Mdd] [B  ] t o  [B:~] and [k ] t o  [K&! i f  no const ra in ts  applied.  
PP PP PP 

Equivalence E M a a ]  t o  [ M d d ]  i f  no d i r e c t  input mass m a t )  ices  and no extrd points ,  

2 2 9 2 GKAD applies const ra in ts  t o  d i r e c t  input matrices / K p p l .  [ M ~ ~ ]  and i B '  1. Torrning [QdT 
2 2 P P CMddl and [ B d d l .  
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GKAM assembles s t i f fness  mass and damping matrices in  modal coordinates for  use in Transient 
Resnonse . 

where 

and a1 1 matrices a re  real . 

mi  = modal masses 

bi = m i 2 n F i g ( f i )  

ki = mi 4?r2fi 

Go t o  MAP No. 179 and p r in t  e r ro r  message i f  no Transient Response L i s t .  

Go t o  next MAP inst ruct ion i f  cold s t a r t  or  modified r e s t a r t .  LBL13 will be a l tered by the 
Executive System t o  the proper location inside the loop fo r  unmodified s t a r t s  within the 
loop. 

Beginning of loop for  additional dynamic load s e t s .  

CASE extracts  user requests from CASECC for  current loop. 

TRD forms the l inear  and nonlinear dynamic load vectors {Pd} and {P:'} and integrates the 
equations of motion over specified time periods t o  solve fo r  the displacements, veloci t ies  
and accelerations,  using the following equation 

VDR prepares displacements, veloci t ies  and accelerations,  sorted by time s tep ,  fo r  output 
using only the extra points introduced fo r  dynamic analysis and modal coordinates (solution 
points) .  

Go t o  DMAP No. 135 i f  no output request fo r  the solution points.  

SDR3 sor t s  the solution point displacements, veloci t ies  , accelerations and nonlinear load 
vectors by point number. 

DFP formats the requested solution point displacements, ve loc i t i e s ,  accelerations and non- 
l inear  load vectors sor ted by point number and places them on the system output f i l e  for  
printing . 
XYTRAN prepares the input f o r  X - Y  p lot t ing of the solution point displacements, ve loc i t i e s ,  
accelerations and nonlinear load vectors vs time. 

XYPLflT prepares requested X - Y  plots of the solution point displacements, ve loc i t i e s ,  accel- 
e r a t i  ons and nonlinear load vectors vs time. 

Go t o  LMAP No. 166 i f  no output request involving dependent degrees of freedom, forces and 
s t r e s s e s ,  or  deformed s t ructure  plot .  

D D R I  transforms the so'iution vector displacements from modal t o  physical coordinates 

Go t o  N A P  No, 146 i'f mode acceleration technique not requested. 
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142. DDR2 calcula tes  an improved displacement vector using the mode acceleration technique, i f  
requested. 

147. Equivalence {udl t o  {U 1 i f  no const ra ints  applied.  
P 

148. Go t o  DMAP No. 150 i f  no const ra ints  applied.  

149. SDRl recovers dependent components of displacements 

and recovers single-point forces of const ra int  {qs) = -{PSI t [ K ) ~ ] { u ~ }  . 
152. SDR2 calcula tes  element forces and s t r e s ses  (PES1, PEFI) and prepares load vectors ,  d i s -  

placement, veloci ty  and acceleration vectors and sing1 e-poi n t  forces of cons t r a i  n t  for  out- 
put (flPP1, gQP1, PUPVl ) - a1 I sorted by time s t ep .  

153. SDR3 prepares requested output sorted by point number o r  element number. 

155. PFP formats requested output sorted by point number or element number and places i t  on the 
system output f i l e  for pr in t ing.  

157. Go t o  MAP No. 161 i f  no deformed s t ruc tu re  plots  requested. 

158. PLgT prepares a l l  requested deformed s t ruc tu re  p l o t s .  

160. PRTMSG pr in t s  p l o t t e r  data nad engineering data f o r  each deformed p lo t  generated. 

163. XYTRAN prepares the  input fo r  requested X-Y p lo t s .  

165. XYPLPT prepares requested X - Y  plots of displacements, ve loc i t i e s ,  accelera t ions ,  forces ,  
s t r e s s e s ,  loads or single-poi n t  forces of cons t r a i  n t  vs . time. 

167. Go t o  DMAP No. 181 i f  no addit ional dynamic load s e t s  need t o  be processed 

168. Go t o  DMAP No. 117 i f  addit ional dynamic load s e t s  need to  be processed. 

169. Go t o  DMAP No. 171 and p r i n t  e r r o r  message i f  more than 100 loops. 

170. Go t o  MAP No. 181 and make normal e x i t  . 
172. MPDAL TRANSIENT RESPPNSE ERRPR MESSAGE N @ .  3 - ATTEMPT Te) EXECUTE MgRE THAN 100 L@e)PS. 

174. MPDAL TRANSIENT RESPPNSE ERR@R MESSAGE Ne). 2 - EIGENVALUE EXTRACTIBN DATA REQUIRED F@R REAL 
EIGENVALUE ANALYSIS. 

176. MDDAL TRANSIENT RESPgNSE ERRQR MESSAGE N O .  1 - MASS MATRIX REQUIRED FBR MBDAL FBMULATIDN. 
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1 7 8 .  MQlDAL TRANSIENT RESPBNSE ERRQlR MESSAGE NQl. 4 - REAL EIGENVALUES REQUIRED F9R MgDAL FQlRMULA- 
T I f lN .  

1 8 0 .  MBDAL TRANSIENT RESPBNSE ERRBR MESSAGE NP). 5 - TRANSIENT RESPBNSE L I S T  REQUIRED FBR TRANS- 
I E N T  RESPflNSE CALCULATIBNS.  



MODAL TRANSIENT RESPONSE 

3 . 1 3 . 3  R e s t a r t  T a b l e s  f o r  M o d a l  T r a n s i e n t  R e s p o n s e  

3.13,3.1 B i t  P o s i t i o n s  f o r  C a r d  Name R e s t a r t  T a b l e  

C a r d  Name 

A X I C  
CELAS 1 
CELAS2 
CELAS 3 
CELAS4 
CMASSl 
CMAS S 2  
CMASS3 
CMAS S 4  
CfiRDl C 
CfiRDl R 
CfiRD1 S 
CfiRDPC 
CfiRD2R 
CfiRD2S 
GRDSET 
G R I D  
Pfi INTAX 
R I  NGAX 
SECTAX 
SEQGP 
SPDINT 
BARPR 
BEAMBR 
CBAR 
CBEAM 
CCfiNEAX 
CfiNRgD 
CQDMEM 
CQDPLT 
CQUADl 
CQUAD2 
CRPD 
CSHEAR 
CTgRDRG 
CTRAPRG 
CTRBSC 
C T R I A l  
CTRIA2  
C T R I  ARG 
CTRMEM 
CTRP L T  
CTUBE 
CTW I ST 
PBAR 
PBEAM 
PCPNEAX 
PQDMEM 

B i t  P o s  . C a r d  Name 

PQDPLT 
PQUAD1 
PQUAD2 
PRgD 
PSHEAR 
PTPRDRG 
PTRBSC 
PTRI  A1  
P T R I A 2  
PTRMEM 
PTRPLT 
PTUBE 
PTWIST 
GENEL 
CfiNMl 
CgNM2 
PELAS 
PMASS 
MAT1 
MAT2 
MAT 3 
MATT1 
MATT2 
MATT3 
TABLEMl 
TABLEM2 
TABLEM3 
TABLEM4 
TEMPMT$ 
TEMPMX$ 
MPC 
MPCADD 
MPCAX 
MPC$ 
SPC 
SPCl  
SPCADD 
SPCAX 
SPC$ 
PMIT  
m I T 1  
@MITAX 
SUPAX 
SUPfiRT 
TEMP 
TEMP AX 
TEMPD 
rnMASS 

B i t  Pos  . 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
4 
5 
5 
6 
7 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
9 
9 
9 
9 

10 
1 0  
1 0  
10 
10 
1 1  
11 
11 
1 2  
1 2  
1 3  
1 3  
1 3  
1 4  

C a r d  Name 

GRDPNT 
PLgTEL 
PLPT$ 
PfiUT$ 
XU @UT$ 
AfiUT$ 
Lf i f iP$ 
L f i @ P l $  
CPUPMASS 
NfiLPfiP$ 
MfiDACC 
EPgINT- 
SEQEP 
T F  
DMIG 
B2PP$ 
K2PP$ 
M2PP$ 
TF$ 
DAREA 
DELAY 
DLfiAD 
NfiLIN1 
Nf iL IN2 
Nf iL IN3 
NPL I N4 
TABLED1 
TABLED2 
TABLED3 
TABLED4 
TLfiAD1 
TLfiAD2 
TSTEP 
EIGR 
M E T H ~ D $  
DLfiAD$ 
NLFPRCE 
TSTEP$ 
HFREQ 
LFREQ 
LMgDES 
TABDMPl 
SDAMP$ 

B i t  P o s .  

15 
1 6  
18 
19 
2 0  
2 1 
2 2 
2 3 
2 4  
2 5 
55 
56 
5 6  
56 
5 7 
57 
5 7 
5 7 
57 
58 
5 8 
58 
58 
58 
58 
58 
58 
58 
58 
58 
58 
58 
58 
59 
6 0  
6 1 
6 1 
6 1 
6 2  
6 2  
6 2  
6 2 
6 2 



RIGID FORMATS 

.2 B i t  Pos i t ions  f o r  

File Name 

BGPDT 
CSTM 
EQEX I N 
GPDT 
GPL 
SIL  
ECT 
GPTT 
ECPT 
EST 
GEI 
GP CT 
GPST 
KGGX 
MGG 
KGG 
RG 
USET 
YS 
9GPST 
GM 
KN N 
MNN 
KFF 
KFS 
MFF 
G0 
KAA 
K0fl B 
L0fl 
MAA 
MQAB 
M00B 
UBP, 
KLL 
KLR 
KRR 
ML L 
MLR 
MRR 
LLL 
ULL 
DM 
MR 
DLT 
EE D 
EQDY N 
GPLD 

B i t  Pos . 
9 4 
94 
94 
94 
94 
94 
95 
96 
9 7 
9 7 
9 7 
97 
9 8 
98 
99 

100 
101 
101 
101 
102 
103 
104 
104 
105 
105 
105 
106 
106 
106 
106 
106 
106 
106 
106 
107 
107 
107 
107 
107 
107 
108 
108 
109 
11 0 
111 
111 
111 
11 1 

F i l e  Name Restar t  Table 

F i l e  Name 

NLFT 
SILD 
TFPgaL 
T RL 
USETD 
LAMA 
M I  
0EIGS 
PHIA 
B2PP 
K2PP 
M2PP 
B2DD 
GMD 
G0D 
KPDD 
M2DD 
MDD 
BHH 
KHH 
MHH 
PHIDH 
CASEXX 
PDT 
PNLH 
PPT 
PST 
UH VT 
0PNL1 
0UHV1 
BPNL2 
@UHV2 
PAF 
UDV2T 
UE VT 
QP 
UPV 
OEF1 
BES1 
@PPl 
BQPl 
BUPV1 
PUGV 
0EF2 
PIES2 
flPP2 
BQP 2 
0UPV2 
UDVlT 

B i t  Pos. 

111 
111 
111 
111 
111 
112 
112 
11 2 
112 
113 
113 
113 
11 4 
11 4 
114 
114 
11 4 
114 
115 
115 
115 
115 
116 
117 
117 
117 
117 
117 
118 
11 8 
119 
11 9 
120 
120 
120 
121 
121 
122 
122 
122 
122 
122 
122 
123 
123 
123 
123 
123 
124 



MODAL TRANSIENT RESPONSE 

3 . 1 3 . 3 . 3  Card Name Restart Table 

DMAP 
Ins$, _ _I_ .  

- _ 
Bit Position 

1 0  2 _ _  39 _ 4Q-- .__- . 56. -.-. .- 6Q -_- - 

B E G I h  1234567890123456  8901234  56789312 - - 

F I L E  1234567890  123456  8901234  56789C12 
GP1 1 
SAVE 1 
CHKPNT 1 - - . - -  - -- -- - - -  - - - - -- - -- -- 
G P2 1 2 4 5 . -  - 6  
CHKPNT 12  4 5  6 -- . 

PLTSf  T 8 
SAVE 8 - - - - 

PRTWSG R 
CH#PNT.  . .- ............... 4 .. ... ....... . .._.___..-- 
SETVAL 8 

. . . . . . . . . . . . .  SAVE- . . . . . .  . .  8  - . .  

C CND 8 
PLOT 
SAVE 
PKTMSG - 8 . - - --. . -- -- -. 
LABEL 8 
G P3 1 3 - 

CHKPNT 1 3 
T A l r  1234567  
SAVE 1234567 

CHKPNT 123 6 8 - - - - - - - - -- - 

SPA2 1 2 3  5 7 8  4 4 
SAVE- - - 123-5 7 8  _-- -4 _ _  _ 4_ - -  -- - - -- - - -- -- . -- -- -- 
C CND 1 1 3  5 7 8  4 4 
CHKPhT 1 2 3  5 7 8  4 4 - - - . - - - - - - 
C GNU 1 2 3  5 7 8  45 
GPWG 1 2 3  5 7 8  45 
OF? 1 2 3  5 7 8  4 5 
SAVE 123-9 7 8  4 5  - _ -  - - - ---. - - - -- - -- 
LABEL 123  5 7 8  4 5 
EGUI  V 1 1 3  8 - - 
CHKPhT 1 2 3  6 8 
C CND 1 2 3 4  6 E - - - -. - 

S PA3 1 2 3 4  6 8 
CHKPhT 1 2 3 4  6 8 - 
LABEL 1234  6 8 
PARAM 1 9C 1 2  - 

G P4 1 9 0 1 2  
SAVE 1 9 0 1 2  . - 

PARAP 1 9 6 1 2  
PLRGE 1 9 0 1 2  - - - - - - -- - . 
E E U I  V 1234567139 4 
CHKPhT 1 9 
C GhG 123  6 8 0 
GPSP 1 2 3  6  8  C 
OFP 1 2 3  6 R O 
S A V E  1 2 3  6 8 6  - - - - - - . - - 
b ABE L 123  6 8 G 
C CNO 1 2 3 4 5 6 7 8 9  4 
MGE l E 9 
CHKPNV 1 9 



RIGID FORMATS 

- -- - - - - -- 

DMAP B i t  P o s i t i o n  
1 to Inst .  _ _ _ _ _ _ _ _ _ _ - _ _  O 3 _ - 40- 5& .- 50 _ - -__ . - _ _ 

&CEZ 123456789 4 -.-- - - - - - -- -- - - - -- - - 
CHKPNT 123456789 4 

123456789 LABEL - - . -- 4 - - - - - - 

azzi45saeso- 
- 

EQUIV 4 
CHKPNT 4 1234-56 7 8 9 0  __-_- -----___--_-__ -- __ - -._ - -.- _ _ - - _ _  _ -- - - _ -- - 
C OND 1234567891P 4 
SCE 1 1234567890 4 - --- - - 
CHKPNT 1234567898 4 
LABEL - 1.234567890 -- - 4 - - - -- - - - - - 
E B U I  \I 123456789Cl 4 

4 CHKPNT _=f,x'189Q l__--------- -- -- - - - - -  *- 

C GND 123456 7890  1 4 
SMPl 1234567?!9? 4 .._ _ _- _ _ . - 

C H K P N T ~ ~ ~ %  7990% 4 
LABEL - - 1 2 3 4 5 4 7 8 9 ! % -  - --_4_-- _ 
E Q U I V  123456789012 4 
CHKPNT 123456789Ql2 4 - - - - 
C OND 12345b789012 4 
RBMG 1 123454789012 --- - - 4 - - - - - - - 

CHKPNT 123454789012 4 
J bHP 1234 6 89012 - -. - - - - - - -- - -  - - 
LABEL 1234 6 89012 
C CND 1234 6 89012 ---- - -- - - - - - - - - - - - -  - - - -. -- 
LABEL 1234 6 89012 
R BMG 2 1234 6 89012 ---- - - - - -  - -- 

CHKPNT 1234 6 89012 
C CND 12346_.89012 --- 
R BM6 3 1234 6 89012 
CHKPNV 1234 6 89012 - --- - - - A - - -- - - - - -. - - . - - _- -- 
RRMG4 123456789012 4 
CHKPNT 123456789Q12 - 4 - - - 

LABEL 123456789012 4 
D PD 1 =?eLa-- - - _ - - _ 6 89 
SAVE 9012 6 89 
C OND 98- -A- 89--- - - - 
PURGE 1 90 % 2 6 89 
E Q U I  V 123456789012 4 - -  - _  67 9C - - 
CHKPNT 1 903.2 6 89 
READ 1 2 3 4 5 6 7 8 9 0 ~ 2 -  ____--- 4 . - _ - _ - - C - 

SAVE 4 a: 
CtiKPhT -_. _ _ 1 - - Li - - -  - 
OFP 4 5 
SAVE 123456709612 4 -  - - t' 
C GND 1234567 896 12 4 G 
MTRX I Ir 1 -- - - - - 67 
SAVE 1 67 
PURGE --421_44.61&%7 U-- -_- -- - - -_ _ - 67  
PARAM 123456789012 $7 

EQUIV---1212_456789812 -- - ----- _. 6 7 
CHKPNT 123456789C12 6 7 

-- GKAD - - 1234567890L2 - - -- - - _ _ _  6 67 9 C  
CHKPNT 123456789012 4 67 4f 

c l < & M -  --_123456789% 4- - - - - _ -- 47 9C L - 

SAVE 123456789012 4 67 Q C  2 
CHKPNT 123454789Q12 _ - - 4 -  - 67 9 2  2 
C GND 123456789012 4 67 9 c  Z 
P A R A M  - 



MODAL TRANSIENT RESPONSE 

DMAP 
I n s t .  1 

B i t  P o s i t i o n  - 
20 30 40 

P A R A P  
JUFFP 
5 ss 
L A B E L  
P LRG C 
CASE 
S A V E  
CHKPNT 
I- riD 
C h K P N T  
V l iR  , 
S 4VE 
CHKPIUT 
C CNU 
SL:R3 
OFP 
SAVE 
CHKPNT 
XYTKAN 
SAVE 
X Y P L C T  
L A R E L  
PARAP. 
C CND 
PARAP 
D U K l  
CHKPNT 
C CND 
$ S S  - -. 
DCRZ 
6 SS 
CHKPNT 
b SS 
E C U I  V 
5 S S  
Ct'UPNT 
$ SS 
L A B E L  
$ 3 S  
FGUI  \I 
C CNO 
S D H l  
L A B t  L 
CHKPNT 
S U K 2  
S DR 3 
CtiKP h T  
OFP 
SAVE- - 
C GNU 
P L C T  
S A V t  
PKTPISG 
L A B E L  
CtiKPRT 
X Y T K A N  
s. 4VE 





MODAL TRANSIENT RESPONSE 

3 . 1 3 . 3 . 4  R i g i d  Format Change Restart Table 

UMAP Bit Position 
Inst. 63 70 - $0. 

UMAP Bit Position 
6 3 70 80 Inst. _ - - . _- - - - - - - 

BEG1 h 3 4 5 6 7 8 9 C l . 2 3  MCE 2 
F I L E  3 4 5 6 7 8 9 C 1 2 3  CHKPNT 
G P 1  L A B E L  
SAVE E C U I  \I 
CHKPRT CHKPNT _ -- 

A --- -. - --  - --- -- - ---- 
G PZ C CNU 
CUKPhT SCE 1 
P L T S E T  CHKPkT  
SAVE L A B E L  -.- - . - 

PKTMSG E Q U I  V 
CUKPNT - - - - -- CHKPNT - . - - - - --- - -- . - - - --- 
SETVAL  C CNP 
S A V ~  - s r ~ i  
C CNO CHKPNT 
PLOT L A B E L  
SAVE EQUI V 
PRTMSG CHKPNT - -.- - -- -- - 
L A B E L  C CND 
G P 3  KBMG l 
CHKPhT CHKPhT  
T A l  JUMP 
SAVE L A B C L  

. C GND - - -  . -- - - - . - . - CON0 - - - - -. . - - + - - -- - -  . 

PURGE L A B E  L 
CHKPNT - RBPIG2 
SMAL CHKPNT 
CHKPtvT C GND 
S PA2 3 6 7 8  RBMG3 
SAYZ 3 5.78- . -- - - - CHKPNT-  - - . - - - - - - - - - - - - - - 
C OND 3 6 7 8  KBMG4 
CHKPNT 3 6 7 8  . - CHKPNT 
C CND L 4 B E L  
G PNG D PO - 

OFP SAVE 
S A-V E .- . - - C r j M L  -___145!2_9 82Cl2L 
L A B E L  PLRGE 
F L U 1  \I - E Q U I  V _ ----_ 

CHMPhT CHKPNT 
C CNO READ - - - - 

S PA3 SAVE 
ChKPt iT  - - - -  C H K P M  - -- - - - -- - .- -- - - - - -- A - . . - - 
L A B E L  OFP 
PARAP SAVE - - - 

G P4 C CND 3 4 5 t 7 8 9 ~ 1 2 3  
S AVk M T R X l N  - - 

PARAP SAVE 
PURGF PI;RGE _ _ _. -_ - _ . - 
E f U l V  PARAP 
CHKPRT E G U I  V - - - - - - . - - - - - 

C ON0 CHKPNT 
GPSP GKAO 
OFP CHKPEiT 
SAVE - GKAV - -- - - - - - - -- . - - -- -- 
L A B E L  SAVE 
C GNU CHKPkT  
M C E I  C UND 3 4 5 6 7 8 9 6 1 2 3  
C t I K P R T  P R R A V  - 



RIGID FORMATS 

- - - - - - -- 
WY1AP B i t  P o s i t i o n  DMAP B i t  P o s i t i o n  
I n s t .  63 70 - -  80 - _- JJEL-__-~L~_ _____- 19-- -___ _ _ _ _  89 

PARAC 3456789C123 .. ........ - .....- 

JUMP 3456789CL23 
PRTPARM 3456789C123 -- -- - - - - - - - 
LABEL 3456789C123 

B WSE C. 3456759C123-_ -- -- -- - PRIPARM -3456789C123 
PURGE L ABE 6- 3456789C123 
CASE 3456789C123 -- - . - - --- PRTPARR - - - 3 4 5 6 7 8 9 C 1 2 L  - - _ _ .  _ - _ - -  
S A V E  34567696123  LABEL 34567690123  
CkIKPNT 3 4 5 6 7 M C l 2 3  _ _ .- --_ -- PSTPARM 3456789C123 -- 

T RO LABEL 3456789C123 
CHKPkT PRTPARM - -3456789C-123 -- - -. -- - - - - - - - - - - - - - - - - - 
VOW L A B E L -  3456789p123  

. S A V E  - E MI -- 3 4 5 6 7 8 9 ~ 1 2 3  -- - -- -- ._ . . _. - .  - 
CHKPNT 
COND - -- - - - - -. - - - - - 
SDR3 
OFP -- -- - --- ----- - 
SAVE 
CHKPNT ...... - .... -- - ..........-...-.- .......... ............................ - - 
XYTRAN 
SAVE ....... ........................ -- ..---..- 

XYPLCT 
LABEL ~ ............... .~ ........... 

PARAM 
- C CNO -- - - 

PARAH 
DDRl - - -- - - .  - 
CHKPNT 
C GND -- .- -- - 

DDR2 
CHKPNT .. - .. -. .......* ............................................. 
EQUI V 
CHKPNT . . . . . .  -- - -- - ......... ........... ~ ~ ~ - - .  .~. 

LABEL 
EQUI V -- -- - - - - - --- -- - - ---. --  
CCND 3456789C123 
S OR 1 3456789C1.23 - - - - - - - 
LABEL 3456789C123 
CHKPNT -- - -- 34567890123  - - .- -- - -- . - 
SDR2 
SDR3 -. - -. -- .- .- - -. . ....... - 
CHKPNT 
OFP - ... 

SAVE 
C OND .... ........................... 

PLOT 
SAVE .... - -  ........................................................................... -. 

PRTMSG 

CHKPNT 
XYTRAN - - -- - - - - - 

SAVE 
XYPLOT - - - - - - - - - - - - 

LABEL 
C CNO --- __ -- . _ 3 4 5 6  ?3BQ 1 2 3 - -  - _ - -_- -- - - - - - 
REPT 345678901  23  

3456789C123 - JUPP - - -_ 
J W P  3456789Ch23 
LABEL - -  3 3 5 6 7 8 9 C l 2 3  - 



MODAL TRANSIENT RESPONSE 

3.13.3.5 F i l e  Name R e s t a r t  Table 

- -- - . - - -  - 

DMAP B i t  P o s i t i o n  DMAP B i t  P o 4 - t j o n  
94 100 A 2 0 - -  I n s t ,  94 100 -- 1 Ln_s_t. - -- 1 20 10 

_CHKP&T - 5 _ _ _ - - - - - 
PLTSET CHKPhT 

S A V ! .  - - - - - LABEL --- 
PRTMSG EQUIV 

C H K P N T - - - - . -  CHKPNT - --- 
SETVAL C CND 
SAVE-- -- - - -  S H P l  -- -- - 

C CND CHKPNT - - 
P U T  ---- -- _-_ --_ - - LABEL -- 

SAVE EQUI v 
-!RTMS --_ - -- ._ .-- CHKPhT - - - - - - - - 
LABEL C UND 
G P3 6 -- RHNG L_--- 
C H K P N ~  - 6 CHKPNT 
T A l r  -_  _ 7 - _  - - - -  - J U M P  - 
SAVE 7 LABEL - -. - 
C CND .-7 --- 4LNu 8 90 
PURGE 7 2 -....-A LABEL 8 

r2 

C CNC) _SAVE . - .---.....---- 1 
LABEL PURGE 1 

EQUI V ESU I .V . . . _ CI .. . _ . 
4 -. 

CHKPNT 0 CHKPNT 1 
READ _Z CN.0 - .. ._ . _ 4 . . . - - .  - 2 

SPA3 0 SAVE 2 
-, 

CHKPBI  _ -- _ -G_- -- ---- -ZLLKPkT- 
LABEL C OFP 2 - 

PARAM - - 1 . - sAVf_  --___- -- ---- -- - 2-_ -- - -- _.. 

G P4 1 C CND 2 
SAVE - . -- - - 1 . - 3 M TR XLN_ . -  - - .- - -- - -- - . - --- 

P A R A K  1 SAVE 3 

P URGL _- -2.- 56-7 YQ 4- -- --l--- J?!!BG E 3 
EQUI V 4 PARAM 3 
CHKPkT- - - E GEL- - - -- 3 -  
C GND 2 CHKPNT 3 
GPSP 2 - GKAD- _ -- - --- - _- - - 4 - 

OFP 2 CHKPNT 4 

S 4YE _- _ _ _ L.- -_ ---- c K L - -  . - 5  
LABEL 2 SAVE 5 

E C ON0 3 4 CHKPhT-- 
MCE ll 3 C CND 
CWKPNT . - _  _ - - - 3 - - - - -_ - P A R A P  



RIGID FORMATS 

DXAP - B i t  P o s i t i c n  DMAP Xi t P o s i t i o n  
I n s t .  94 100 11 0 - - -- - -- - - - -. - - - - . 120 InsL-- - - - 94- -- - 100- - 11 0 
'. .. 
r ARAp_- - _ - 
JUMP 
LAB-EL _ - -- 

PURGE 

P ~ T P A R P  
L A B E L  
PRTPARM 
L A B E L  

CASE - - _ -6 _ !'N!'ARI _ -  - - -  
SAVE 6 L A B E L  

-C HK-P N T _- - - . -. - - 6 PRTPARP 
T KD 7 L A B E L  
CHKPRT -- - -- - - - - - 7 PRTPARP 
V DR 8 L A B E L  

8 5- - -  --- - - -- END-  - -  _ - 
CHKPNT 8 
C_c_K!-_ .. . .- -- -- _ ? . . _ -~ - --  ~-~ 

SDR3 9 
OFP -- .. - - . . . . .- . . . . - . _ . ~-~ . . . . ~  . - ~ ~ - .  

SAVE 
CHKPNT - . . ... . 5' -.. . .. - ~ - - ~  . ... . ... -. .... ... . 

XYTKAN 
SAVE ~~. . - . . . . - . - -- .~.-- -.- -. . . - . . . . ~-~ . 

XYPLCT 
Le_f!l.. . - ~ . . . - - . . -. 9 - .  . -  . 

PARAP 0 
c CND L.-- _ 
PAKAP 
D G R l  - - -- -. - 4 
CHKPNT 4 
C CND - - _ _ .d _ - 
D D R Z  0 
CHKPNT --0 - _- - - - --- -- - - - - -- -- . - 
EQUI  V 0 
c!iu-%I 0 _ 
L A B E L  C 
E Q u I L  ___---- - -- -- _ - _ _  --_ 1 
CCND 1 
SORL ..-. A% 
L A B E L  I 
CHKPNT -- - -  ___ I. _ . - - -~  

SDRZ 2 
SDR3 - 3 . ~_ - . . . 

CHKP h T  
OFP ~ . ~ ~ ~ ~ . ~ ~ ~ ~ l _ . ~ ~  - - - . -  - ---_ -. _ -- __ . ... . 

S AYE 
Wfro . -. - - -  -- - . . - -. . - ... . - - - - - . - . . 

PLOT 

L A B E L  -~ - - .- - -.. .. .. . 

CHKPNT 3 
. x v T . R n L  _ - .~ - - - - . - - ~ ~ - .  ~- -~.. ~. -. _ - -- - - - _ . . . . . . . 
SAVE 
XY_f'bQT- - - .. 
L A B E L  

-- C QMD - -  - --  . _ .- . _- 
REPT 
J P L  _ _ - _ ._ - 
JUWP 
L A B E L  



MODAL YMPISI E N I  RESPONSE 

3.13.4 &matic Output- for Modal i {ai1sier~lt Rez=~ 

3he E-igenvalue Sununary Table and "ehc EigenvaSue Analysis Surc~mdry, as described urwee- Norrrral 

!*?ode Analj~sis, a% automati eal7y p r i n t e d .  A7 1 :-edl eigenval ues e ~ l r ~ ~ ~ , ~ i i  are i u 1 ~ 3 r d e d  even 

though not a l l  are used in the modal +ormulat-ion. 

3.13.5 Case Control Deck and Paramete~s f o r  Modal Transient Response 

The following items related t o  subcase definition and data selection must be cons-idered in 

addition to  the I-ist presented with Direct Transjent Response: 

1. METHDD must appear above the subsase level to  se lec t  an EIGR card tha t  exis ts  i n  the 

Bulk Data Deck. 

2. All o f  the eigenvectors used i n  the modal formu1a"iica must be determined! in a single 

execution. 

3. An SPC s e t  mu.-.s; t e  r e l e c t e d  above the  subcase level unless the 1mde1 i s  ir free body or  

a i l  constrajnts ape spci i f ied on GRID cards, Scalar Connection cards or w i t h  General 

Elements. 

4 S3abIPtlPIHG ntust be used t o  select a TAGDMPT table i f  structural damping f s  desireti. 

Output that  may be requesteci i s  the same as that  described tinder Direct Transient Response. 

Output for SgLUTION points wi91 have the modal coordinates i d e n t i f i e d  by the mode number 

detenilined in Real Ei genval ue Analysis , 

The eigenvectors used in the modal fomililatjon ~mdy be obtained for  the SBLUTIflN points by 

using the ALTER feature t o  pr int  ihe maeri!: of eigenvector's following the execution of READ. The 

eigenvectors for  a l l  points i n  the model may be obtained b,y rumling the pr~blern i n i t i a l l y  or1 the 

Normal Mode Analysis r igid forn i t to r  by inaking modified w s t a r t  us ing  the Ncwnal Mode Analysis 

r igid format. 

The fol 1 owing parameters are used i r i  Modal Transient Response: 

1 .  GRDPNT - optional - A posi tl ve integer value of th i s  parameter wi 91 cause the Grid Point 

Weight Generator to  be executed and the resulting weight and balance information t o  be 

pri nted. 

WnvlASS - optional - The terms of the mass matrix are multiplied by the real value of t h i s  2. - 

parameter when they are generated in SMA2. 



RIG 19 FORMATS 

3. SBLiPMASS - o p t i ~ n a l  - a posi t ive  in teger  value of t h i s  parameter wi l l  cause the  generd- 

tin:: c f  c3upleb ma55 mai.rice.; r a t h e r  thail liimped mass inati-fces for a i l  bar elr~rienis, r.rid 

elements, and p l a t e  elements t h a t  include hending s t i f f n e s s  ( see  Section 3.1 f o r  l i s t  of 

elements). 

4. LFREQ and KFREQ - required unless LiVDEb i s  used. The values of these  parameters give 

the frequency range (LFREQ i s  lower l i m i t  and HFREQ i s  upper l i m i t )  o f  the modes t o  be 

used in  the  niodal formulatl'on. 

LM0DES - required unless LFREQ and HFREQ a re  used. The in t ege r  value of t h i s  parameter 5. P 

i s  the  number of lowest modes t o  be used in  the  modal formulation. 

MVDACC - optional - A pos i t ive  in teger  value of t r i i s  parameter causes the Dynamic Data 6 .  - 
Recovery module t o  use the  mode accelera t ion method, 
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4.1 PLOTTING 

NASTRAN provides the  capabi l i ty  f o r  generating on any of several d i f f e r e n t  p lo t t e r s  the 

following kinds of p l o t s :  

1 .  Undeformed geometric projections of the  s t ruc tu ra l  model. 

2. S t a t i c  deformations of the  s t ruc tu ra l  model by e i t h e r  displaying the  deformed shape 
(alone o r  superimposed on the  undeformed shape), o r  displaying the  displacement vectors 
a t  the  gr id  points (superimposed on e i t h e r  the  deformed o r  undeformed shape). 

3 .  Modal deformations (sometimes ca l l  ed mode shapes or eigenvectors)  resul  Ling from rea l  
eigenvalue analys is  by the  same options s t a t ed  in 2 above. 

4. Transient deformations of the  s t ruc tu ra l  model by displaying e i t h e r  vectors o r  the 
deformed shape f o r  spec1 f i ed  times. 

5 .  X- Y graphs of t r ans ien t  response o r  frequency response. 

6. Topological displays of matri ces . 
Structure p lo t s  (items 1-4) are  discussed in  Section 4.2 while X-Y p lo t s  (item 5 )  a re  d is -  

cussed in Section 4.3. Matrix p lo ts  are generated by U t i l i t y  Module SEEMAT described in  Section 5 

and must be acco~nplished by a l t e r ing  a Rigid Format o r  using a MAP sequence. Requests f o r  s t r u c -  

ture  p l o t s  o r  X-Y p lo ts  are  accomplished i n  the  Case Control Deck by submitting a s t ruc tu re  p l o t  

request packet o r  an X-Y output request  packet. The discussion of these packets const i tu tes  most 

of the  remainder of t h i s  chapter. 

In order t o  ac tua l ly  c rea te  p l o t s ,  a p l o t t e r  and model name must be speci f ied  by the  user. 

The method used t o  speci fy  t h i s  information may vary a c c ~ r d i n g  t o  t h e  p l o t  request  made, b u t  t he  

actual  names used do not vary. In addi t ion ,  a physical p l o t  tape must be s e t  up by the  user. The 

control cards needed t o  s e t  up a p l o t  tape a re  generally i n s t a l  l a t i o n  dependent and a re  described 

in  Section 5 of the Programmer" Manual. There a r e  two p l o t  tapes (PLTI and PLTZ). I t  i s  only 

necessary t o  s e t  up the  p lo t  tape used by the  speci f ied  p l o t t e r .  The number of p lo ts  f o r  PkTl on 

I B M  360 computers i s  l imi ted  (see  Section 5.3.5 of the Programmer's Manual). 

The following t ab le  i s  a l i s t  of permissible p l o t t e r  and model names, together with the  

corresponding p l o t  tapes which must be s e t  up by the user. The underlined items a re  the  d e f a u l t  

models f o r  each p l o t t e r .  A model name i s  generally speci f ied  as two items, each having a de fau l t  

value. The defaul t  value of the second item i s  in some cases dependent upon the  value speci f ied  

f o r  the f i r s t  item. I f  no p l o t t e r  i s  speci f ied  by the  user,  the  requested p lo t s  will  be created 

f o r  the Stromberg Carlson (SC) model 4020 microfilm p l o t t e r .  
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I Plotter Name I Plot Tape I Plot ter  Model 

The plot ter  name, BL,  i s  used for  Benson Lehner plotters.  The default model i s  an STE, 30. 

The f i r s t  model item may be e i ther  STE or  LTE, where STE i s  a short l ine electroplot ter  and LTE 

i s  a long line electroplotter.  The second model item may only equal 30, which i s  the size of the 

p lo t te r  table in inches. Both the STE and LTE plotters are table plot ters .  

The plot ter  name, CALCOMP, i s  used for  California Computer plot ters .  The default model i s  a 

765, 205. The f i r s t  model item i s  the plot ter  model number as used in California Computer hard- 

ware descriptions. The 700 series plotters are those having the ZIP mode and 24 incremental 

directions. The 500 ser ies  plotters are those having only 8 incremental directions. The 600 

ser ies  may have e i ther  24 or  8 incremental directions. If the user has access to only a 663 or 

665 plot ter ,  i t  should be specified as a 563 or 565 i f  i t  has only 8 incremental directions, and 

as a 763 or 765 i f  i t  has 24 incremental di rections. The 563 and 763 are both 30-inch drum 

plot ters ,  while the 565 and 765 are both 12-inch drum plotters.  
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The second model i tern indicates the type of tape transport used with the CALCOMP plot ter  and 

the increment s ize  of the p lo t te r .  There are two possible increment s izes ,  .010 and .005 inches. 

The las t  two d ig i t s  of this  second model item represent these two possible increment s izes ,  i . e . ,  

10 = .010 and 05 = .005. The f i r s t  d ig i t  of the second model item represents the type of tape 

transport attached to the plot ter .  There are three types of tape transports available. The 

primary differences among these transports are the number of characters needed to cause one 

incremental movement on the plot ter .  Some transports (e.g. the 470, 570 and 750 models) require 

three characters. These transports can only be attached to the 500 ser ies  plot ters .  Other 

transports (e.g. the 760 and 770) require two characters for  each incremental movement. S t i l l  

other transports (e.g. the 780) require only one character for  each incremental movement. The 

f i r s t  d ig i t  of the second model item i s  the number of characters required by the tape transport 

for each incremental movement. An example of a legitimate CALCBMP model name i s  (763,105). This 

represents a 763, 30-inch drum plot ter  with an increment s ize  of .005 inches, driven by a tape 

transport requiring only one character for  each incremental movement (e.g. a 780 tape t ransport) .  

The plot ter  name, DD, i s  used for Data Display plot ters .  The only permissible model i s  the 

(80,B) mi crofi lm plot ter .  

The plot ter  name, EAI, i s  used for  Electronic Associates Inc. p lo t te rs .  The f i r s t  model 

item i s  the model number as described in EAI hardware descriptions. The only permissible model i s  

an EAI 3500. This i s  a table plot ter  having e i ther  a 30-inch or 45-inch plotting surface. The 

second model item i s  the size of the plotting surface. The default  s ize  i s  a 30-inch surface, 

i . e . ,  3500, 30, 

The plot ter  name, NASTPLT, i s  used for  the NASTRAN General Purpose plot ter  package. This 

plot ter  package i s  used i f  the desired p lo t te r  i s  not available in the NASTRAN plotting software. 

However, i f  th i s  package i s  specified, a separate program must be written t o  interpret  the resul t -  

ing plot  tape and create the corresponding plots on the actual p lo t te r  desired. The default  model 

i s  M ,  0. The f i r s t  model item may e i ther  be M ,  T ,  or D. This indicates the actual p lo t te r  i s  a 

microfilm, table or  drum plo t te r ,  respectively. The second model item indicates whether or  not 

the actual p lo t te r  has any typing capability: 0 = typing possible, 1 = no typing possible. If  no 

typing capability ex is t s ,  a l l  printed characters will be drawn. The default  plot ter  type i s  a 

microfilm plot ter  with typing capabi9ity. An example of an acceptable model i s  (T,1). Ph i s  

represents a table plot ter  having no typing capability.  A more detailed description of the 
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implications of the  NASTRAN General Purpose p l o t t e r  package i s  given in Section 6 of the  

Programmer's Manual. 

The p l o t t e r  name, SC, i s  used f o r  Stromberg Carlson p l o t t e r s .  The only permissible model 

i s  t he  4020 microfilm p l o t t e r .  I f  the only avai lable  p l o t t e r  model i s  a 4060, the user should 

determine i f  i t  has a 4020 compatibil i ty package, as i s  usually the  case,  so  as t o  avoid using 

the  NASTRAN General Purpose p l o t t e r .  

The operation of the  St ructure  P l o t t e r  i s  of s u f f i c i e n t  theore t ica l  content t o  warrant 

inclusion in the Theoretical Manual. Section 13 of the  Theoretical Manual provides a discussion 

of the  bas ic  theory and gives some examples of p l o t t e r  output. 

The a v a i l a b i l i t y  of NASTRAN plot t ing  capab i l i ty  i s  a function of the  pa r t i cu la r  r ig id  format 

as shown in the following t ab le .  Note t h a t  deformed s t ruc tu re  p lo t s  a re  not avai lable  fo r  e i t h e r  

frequency response r i g i d  formats o r  complex ei  genvalue analysis r i g i d  formats. Complex numbers 

a re  the  source of this r e s t r i c t i o n .  
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P l o t t e r  Avai labi l i ty  f o r  the NASTRAN Rigid Formats 

* The matrix topology p l o t t e r  i s  not automatically available i n  any r ig id  format. U t i l i t y  

module SEEMAT must be a l t e red  i n t o  the Rigid Format DMAP sequence in  order t o  use t h i s  

fea ture  (see  Section 5 .2) .  
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4.2 STRUCTURE PLOTTING 

In order t o  a s s i s t  NASTRAN users both in  the preparation of the analyt ica l  model and in  the 

in t e rp re ta t ion  of output,  the s t ruc tu re  p l o t t e r  provides the following c a p a b i l ~ t i e s  f o r  undetormed 

s t ruc tu res  : 

1. Place a symbol a t  the  g r id  point  locations.  (opt ional )  

2. Ident i fy  gr id  points by placing the  gr id  point  iden t i f i ca t ion  number t o  the r i g h t  of the 
gr id  point  locat ions .  (opt ional )  

3. Ident i fy  elements by placing the  element iden t i f i ca t ion  number and element symbol a t  the  
center  of each element. (opt ional )  

4. Connect the  gr id  points i n  a predetermined manner using the  s t ruc tu ra l  elements o r  
PL@TEL elements. 

The f o l l  owing capabi 1 i t i e s  a re  provided f o r  deformed s t ruc tu res  : 

1. Place a symbol a t  the def lec ted  gr id  point  location.  (opt ional )  

2. Ident i fy  the  deflected g r id  points by placing the r i d  point iden t i f i ca t ion  number t o  
the  r i g h t  of the  def lec ted  gr id  point  locat ions .  ?optional)  

3. Connect the  def lec ted  g r id  points in a predetermined manner using the  s t ruc tu ra l  e l e -  
ments o r  PL@TEL elements. 

4. Draw l i n e s  or ig inat ing a t  the  undeflected o r  deflected gr id  point  locat ion,  drawn t o  
user-specified s c a l e ,  representing the  X ,  Y ,  Z components o r  r e su l t an t  summations of the  
gr id  point  def lec t ions .  

The above p lo t s  a r e  avai lable  in e i t h e r  orthographic, perspective,  o r  stereoscopic projections on 

several  p lo t t e r s .  Stereoscopic p lo t s  a re  normally made only on microfilm p l o t t e r s  s ince  a s tereo-  

scopic viewer o r  projec tor  must be used t o  obtain the stereoscopic e f f e c t .  A request  f o r  s t r u c t u r e  

p lo t t ing  i s  made in  the  Case Control Deck by means of a p lo t  request  packet which includes a l l  

cards from an @UTPUT(PL@T) card t o  e i t h e r  a BEGIN B U L K  o r  @UTPUT(XY@UT) [or @UTPUT(XYPL@T)] card.  

The data card format i s  f r e e - f i e l d ,  subject  t o  ru les  in paragraphs below. The cards a re  

bas ica l ly  sequence, dependent even though some interchanging in  sequence of defining parameters i s  

permissible. The elements and gr id  points t o  be p lot ted  may be defined anywhere i n  the  submittal ,  

but the  parameters describing the cha rac te r i s t i c s  of the p l o t  a re  evaluated on the  current  bas is  

every time a PL@T o r  FIND card (see  Section 4.2.2.2) i s  encountered. In order t o  minimize 

mistakes, i t  i s  suggested t h a t  a s t r i c t  sequence dependency be assumed. 
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4,Z. l  General Rule? 

4.2.1.1 Rules f a r  F r e e - F i e l d  Card S p e c i f i c a t i o n  

7 ,  Only coiumns 1 t h r u  72 a r e  a v a i l a b i e .  Any i n f o r m a t i o n  s p e c i f i e d  i n  columns 73 t h r u  80 
w i l l  be ignored.  

2. I f  t h e  l a s t  c h a r a c t e r  on a c a r d  i s  a  comma ( n o t  n e c e s s a r i l y  i n  column 72), the  n e x t  c a r d  
i s  a c o n t i n u a t i o n  o f  t h i s  p h y s i c a l  4. Any number o f  c o n t i n u a t i o n  cards may be 
s p e c i f i e d ,  and t o g e t n e r  they  fo rm a l o g i c a l  card.  

3. The mnemonics o r  va lues can be p laced  anywhere on t h e  card,  b u t  must be separated by  
de1 i m i  t e r s  . 

4. The f o l l o w i n g  d e l i m i t e r s  a re  used: 

a. b lank  

b. , comma 

c. ( l e f t  pa ren thes is  

d. ) r i g h t  pa ren thes is  

e. = equal s i g n  

A l l  o f  these de l in i i  t e r s  can be used as needed t o  a i d  t h e  l e g i b i l i t y  o f  t h e  data. 

4.2.1.2 P l o t  Request Packet Card Format 

I n  t h e  p l o t  r e q u e s t  packet  c a r d  d e s c r i p t i o n s  presented i n  S e c t i o n  4.2.2, t h e  f o l l o w i n g  no ta -  

t i o n  w i l l  be used t o  descr ibe  t h e  c a r d  fo rmat :  

1. Upper-case l e t t e r s  must be punched e x a c t l y  as shown. 

2. Lower-case l e t t e r s  i n d i c a t e  t h a t  a  s u b s t i t u t i o n  must be made. 

3. Braces ( 1 i n d i c a t e  t h a t  a  cho ice  o f  t h e  con ten ts  i s  mandatory. 

4. Brackets  [ ] c o n t a i n  an o p t i o n  t h a t  may be o m i t t e d  o r  i n c l u d e d  by  t h e  user .  

5 .  Under l ined  op t tons  o r  values a r e  those f o r  which a d e f a u l t  o p t i o n  o r  an i n i t i a l i z e d  ( o r  
computed) va lue  was programmed. 

6, A p h y s i c a l  ca rd  c o n s i s t s  o f  i n f o r m a t i o n  punched i n  columns 1 through 72 o f  a  card.  

7. A l o g i c a l  c a r d  may c o n s i s t  o f  more than one p h y s i c a l  c a r d  through t h e  use o f  con t inua-  
t i o n  cards. 

8. Numerical values may always be e i t h e r  i n t e g e r  o r  r e a l  numbers, even though a s p e c i f i c  
t y p e  i s  a t  t imes suggested i n  o r d e r  t o  conform t o  t h e  i n p u t  i n  o t h e r  s e c t i o n s  o f  t h e  
program. 

4.2.2 P l o t  Request Packet Card D e s c r i p t i o n s  

The genera l  f o r m  f o r  each c a r d  o f  t h e  p l o t  r e q u e s t  packet  i s  shown enclosed i n  a r e c t a n g u l a r  

box. D e s c r i p t i o n  o f  t h e  c a r d  con ten ts  then f o l l o w s  f o r  each card.  
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4.2.2.1 SET Definition Cards 

These cards specify sets  of elements, corresponding t o  portions of the structure, which may 

be referenced by PLgT and FIND cards. The SET card i s  required. 

Each se t  of elements defines by implication a se t  of grid points connected by those elements. 

The s e t  may be modified for  plotting deformation data by deleting some of i t s  grid points. The 

elements are used for creating the plot i t s e l f  and element labeling while the grid points are 

used for labeling, symbol printing, and drawing deformation vectors. 

i = se t  identification number (positive integer, unique for each s e t )  

j = element identification numbers or  element types 

k = element identification numbers or  grid point identification numbers 
or element types 

Permissible element types are: 

RBD,  CgNRII)D, B A R ,  TUBE, VISC, TRIA1, TRIA2, TRBSC, TRPLT, TRMEM, 

QUAD1, QUAD2, QDPLT, QDMEM, SHEAR, TWIST, PLgTEL 

ALL may be used t o  select  a l l  permissible element types. - 

INCLUDE may be used a t  any time for  element information. When used with grid points, INCLUDE 

can be used only to restore previously EXCLUDEd grid points. I t  cannot be used to include grid 

points in the original s e t  of grid points. 

EXCLUDE can be used to delete elements or element types. A19 grid points that are associated 

with deleted elements are also deleted. EXCLUDE can be used to delete deformation vectors from 

grid points enumerated a f te r  an EXCLUDE command. 

EXCEPT i s  a modifier to an INCLUDE or an EXCLUDE statement. 

THRU i s  used to indicate a l l  of the integers in a sequence of identification numbers, s tar t ing 
P 

with the integer preceding THRU and ending with the integer following THRU.  The integers in the 

range of the THRU statement need not be consecutive, e.g.,  the sequence 2 ,  4 ,  7 ,  9 may be specifled 
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d s  2 THRU 9.. 71-IkU i s  n o t  app l f  cable  -ir e1ernei.i; types ere spec i  r'? ed. 

Each must  be a  1 ogi  c a l  card.  R e d e f i n i  t i o n  o f  s e t s  p r e v i o u s l y  d e f i n e d  i s  n o t  perm! t t e d ;  

however, t h e r e  i s  no r e s t r i c t i o n  on t h e  number o f  se ts .  The se ts  of i d e n t i f i c a t i o n  numbers can 

be assembled by  use of t h e  word ALL, o r  by  i v t d i v i d u a l l y  l i s t i n g  t h e  i n t e g e r s  .in any o r d e r  such as 

106b, 32, 46, 47, 7020, o r  by l i s t i n g  sequences u s i n g  THRU, EXCLUDE, and EXCEPT such as 180 THRU 

1000 EXCEPT 182 EXCLUDE 897 THRU 911. Examples o f  SET cards:  

Examples o f  SET cards:  

1. SET 1  INCLUDE 1, 5, 10 THRU 15 EXCEPT 12 
(Se t  w i l l  c o n s i s t  o f  elements 1, 5, 10, 11, 13, 14 and 15)  

2. SET 25 = RDD, CDNROD, EXCEPT 21 
(Se t  w i l l  c o n s i s t  o f  a1 1  ROD and CONRDD elements excep t  e lement  21 ) 

3. SET 10  SHEAR EXCLUDE GRID POINTS 20, 30 THRU 60, EXCEPT 35, 
36 INCLUDE ELEMENTS 70 THRU 80. 
( T h i s  s e t  w i l l  i n s l u d e  a l l  shear  elements p l u s  elements 70 t h r u  80, and t h e  a s s o c i a t e d  
g r i d  p o i n t  s e t  w i l l  c o n t a i n  a l l  g r ~ d  p a i n t s  connected by these  elements. G r i d  p o i n t s  2 3 .  
30 t h r u  34 and 37 t h r u  60 w i l l  appear on a l l  p l o t s  w i t h  t h e i r  symbols and l a b e l s ,  however 
no de fo rmat ion  v e c t o r s  w i l l  appear a t  these g r i d  p o i n t s  when VECTOR i s  commanded. 

4 .  SET (15) = (15 THRU 100) EXCEPT (21 THRU 25) 
( T h i s  s e t  w i l l  i n c l u d e  a l l  elements f rom 15 t o  20 and f rom 26 t o  100). 

5. SET 2 = ALL EXCEPT BAR 
( T h i s  s e t  w i l l  i n c l u d e  a11 elements excep t  bars ) .  

NOTE: The equal s igns,  commas, and parentheses above a r e  d e l i m i t e r s  and a r e  n o t  r e q u i r e d ,  
because b lanks  a l s o  serve as d e l i r n i t e r s .  

4,2 '2.2 Cards DeFi n i  ng Parameters 

These cards s p e c i f y  t h e  s t r u c t u r e  w i l l  be p l o t t e d ,  i .e . ,  t ype  o f  p r o j e c t i o n ,  v iew angles,  

scales,  e t c .  All t h e  m u l t i p l e  cho ice  parameters a r e  d e f a u l t e d  t o  a  p r e s e l e c t e d  cho ice  i f  not  

s p e c i f i e d .  Each parameter r e q u i r i n g  a  numer ica l  va lue  t h a t  i s  n o t  s p e c i f i e d  by  t h e  u s e r  can e i t h e r  

be e s t a b l i s h e d  i n t e r n a l l y  i n  t h e  program by  means o f  t h e  FIND c a r d  o r  can assume d e f a u l t  values. 

The FIND c a r d  i s  used t o  r e q u e s t  t h a t  t h e  program s e l e c t  a  SCALE, DRIGIN, and/or VANTAGE Pk3INT t o  

a l l o w  t h e  c o n s t r u c t i o n  o f  a  p l o t  i n  a  u s e r - s p e c i f i e d  r e g i o n  o f  t h e  paper  o r  f i l m ,  The FIND c a r d  

i s  descr ibed  a t  t h e  end o f  t h i s  Sect ion,  f o l l o w i n g  t h e  d i s c u s s i o n  o f  t h e  assoc ia ted  parameters. 

The parameter  cards a re  l i s t e d  h e r e  i n  a  l o g i c a l  sequence; however, t h e y  need n o t  be so 

s p e c i f i e d .  Any o r d e r  may be used, b u t  i f  a parameter i s  s p e c i f i e d  more than  once, t h e  v a l u e  o r  

cho ice  s t a t e d  l a s t  w i l l  be used. Each parameter  may be e i t h e r  an i n d i v i d u a l  card,  o r  any number 

o f  them may be combined on one l o g i c a l  card.  

A17 the  parameters used i n  t h e  genera t ion  o f  t h e  va r ious  p l o t s  w i l l  be p r i n t e d  o u t  as p a r t  o f  

t h e  o u t p u t ,  whether they  a r e  d i r e c t l y  s p e c i f i e d ,  defauf t e d  o r  e s t a b l i s h e d  u s i n g  t h e  FIND card.  
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i n i  t i  a1 i zation of parameters t o  defaul t values occurs on7 y once. Subsequent1 y , these  values 

remain un t i l  a l t e red  by a d i r e c t  input .  The only exceptions a r e  the  view angles,  s ca le  f a c t o r s ,  

vantage point  parameters, and the or ig ins .  Whenever the p l o t t e r  aim the  method of projec t ion 

i s  changed, the view angles are  r e s e t  t o  the  de fau l t  values,  unless they are  respeci f ied  by the  

user. In addi t ion ,  the sca le  f a c t o r s ,  vantage point  parameters, and the or ig in  must be redefined 

by the- user. 

PLflTTER p l o t t e r  name, MgDEL name DENSITY 556 BPI [ {:::I 
The p l o t t e r  names and MgOEL names a re  l i s t e d  in Section 4 .1 .  The tape density information i s  

used only i n  pr in t -out  and does not control the  density of the  generated p l o t  tape.  To ac tua l ly  

specify the  tape densi ty9 the user must use the customary means of communication e s t ab l i shed  a t  a 

given i n s t a l l a t i o n  between the user and the  computer operators.  This card i s  required f o r  p l o t t e r s  

o ther  than the  SC 4020. 

ORTHBGRAPHIC 
PERSPECTIVE PRgJECTIgN I S T S C C  I 

The de fau l t  option i s  orthographic projection.  See Section 13 of the Theoretical Manual f o r  

a discussion of  the various projections.  This card i s  opt ional .  

AXES r ,  s ,  t t?Ic!j 1 
r ,  s ,  t = X o r  MX, Y o r  M Y ,  Z o r  Mi! (where "M" implies the negative axis)  

y ,  B, a = three  angles of ro t a t ion  in degrees ( r ea l  numbers) 

These two parameter cards define the  o r i en ta t ion  of the object  in  r e l a t ion  t o  the  observer,  

t h a t  i s  the angles of view. Both of these cards a r e  opt ional .  Defining the observer ' s  coordinate 

system as R, S ,  T and t he  basic coordinate system of the object  as X, Y,  Z, t h e  dngular re la t ion-  

ship  between the two systems i s  de f ined  by the three  atngles y ,  8 and o, as  fo71uws: 
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Direction of View 
(Always in negative R-direction. 
The projection plane i s  always in ,  

R or  parallel to ,  the S-T plane) 

Using the above convention, y and 6 represent the angles of turn and t i l t .  The default values 

are : 

y = 34.27' 

8 = 23.17" for  orthographic and stereoscopic projections 

0 .OO for  perspective projection 

a = O . o O  . 
The order in which y ,  8 ,  and a are specified i s  c r i t i c a l l y  important as i l lus t ra ted  in Figure 1 ,  

a t  the end of t h i s  section. Also, see section 13.1.1 of the Theoretical Manual. 

The AXES card can be used to  preposition the object in 90" increments in such a manner tha t  

only rotations less than 90' are required by the VIEW card t o  obtain the desired orientation. 

This i s  accomplished by entering X ,  Y ,  Z ,  M X ,  MY or  MZ in the f ie lds  corresponding to R ,  S, T 

axes, where M X ,  M Y  and MZ represent the negative X ,  Y and Z axis directions respectively. The 

default  values are X ,  Y ,  I. 

An undeformed or  deformed plot of the symmetric portion of an object can be obtained by 

reversing the sign of the axis tha t  i s  normal t o  the plane of symmetry. In the case of multiple 

planes of symmetry, the signs of a l l  associated planes should be reversed. The ANTISYMMETRIC 

option should be specified when a symet r ic  structure i s  loaded in an unsymmeiric manner. This 

will cause the deformations t o  be plotted antisyimetrically with respect to  the specified plane o r  

4.2-6 (3/1/70) 
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planer;. Since the AXES card applies to  a l l  parts (SETS) of a single frame, symmetric and ant i -  

symmetric combinations cannot be made with th i s  card (see the symmetry option on the PLOT execu- 

tion card in Section 4.2.2.3). 

This card must always be included i f  a deformed structure i s  to  be plotted. The value of d 

represents the length to  which the maximum displacement component i s  scaled in each subcase. The 

maximum deformation of the structure must be specified in units of the structure (not inches of 

paper). This data i s  necessary since the actual deformations are usually too small t o  be dis t in-  

guishable from the undeformed structure i f  they were plotted t o  t rue scale.  I f  FIND card param- 

e te rs  are t o  be based on the deformed structure,  the FIND card must be preceded by the MAXIMUM 

DEFgRMATIgN card. 

a = real number representing scale to which the model i s  drawn 

b = ra t io  of model size/real object s ize  (stereoscopic projection only) 

For orthographic or  perspective projections, the scale "a" i s  the r a t i o  of the plotted object 

in inches to  the real object in the units of the structural model, i .e . ,  one inch of paper equals 

one unit  of structure. For stereoscopic projection, the stereoscopic effect  i s  enhanced by f i r s t  

reducing the real object t o  a smaller model (scale "b"),  and then applying scale "a". The r a t i o  

of plottedlreal object i s  then the product a x b. A scale must be defined in order t o  make a plot ,  

however, the SCALE card i s  not recommended for  general use. See the FIND card described a t  the 

end of t h i s  Section in order t o  have the scale determined automatically. 



i = or ig in  iden t i f i ca t ion  number (any posi t ive  in t ege r )  

u = horizontal displacement of paper or ig in  from RST or ig in  

v = ver t i ca l  displacement of paper o r ig in  from RST or ig in  

In the  transformation performed f o r  any of the three  projec t ions ,  the  or ig ins  of both the  

object  (XYZ system) and of t h e  observer (RST system) a re  assumed t o  be coincident.  

This card r e f e r s  t o  the  paper or ig in .  I t  represents the displacenient of the paper o r ig in  

(lower l e f t  hand corner)  from the RST o r ig in ,  The uni ts  a re  inches and a re  not subject  t o  the  

sca l ing of the  plotted object .  The ORIGIN card i s  not recommended f o r  general use. See the  FIND 

card described a t  the  end of t h i s  Section in  order t o  have the  or ig in  located so as t o  place the  

p lot ted  object  in the  center  of the  image area.  

Ten (10) o r ig ins  a r e  permitted t o  be ac t ive  a t  one time. However, any one can be redefined 

a t  any time. An eleventh or ig in  i s  a l so  provided i f  more than 10 or ig ins  a re  erroneously defined 

( i . e . ,  only the  l a s t  of these surplus o r ig ins  wi l l  be re ta ined) .  CAUTION: when a new projection 

o r  p l o t t e r  i s  ca l l ed  f o r ,  a l l  previously defined or ig ins  a re  deleted.  

I VANTAGE POINT 

(perspective and stereoscopic projections only) 

ro = R-coordinate of the  observer 

so = S-coordinate of the  observer in perspective projection o r  
S-coordinate of the  l e f t  eye of the observer in the  stereoscopic projection 

to = T-coordinate of the  observer 

s = S-coordinate of the  r i  h t  eye of the observer in the  stereoscopic (not needed i n  
O r  perspective projectiong 

This card defines the location of the  observer with respect  t o  the  s t ruc tu ra l  model. A 

vantage point  i s  required f o r  e i t h e r  perspective o r  stereoscopic projec t ions .  The VANTAGE POINT 

card i s  not recommended f o r  general use. See the FIND card described a t  the end of t h i s  Section. 

A theore t ica l  description of vantage p o i n t  i s  contained i n  Section 13 o f  the  Theoretical Manual. 
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PRPJECTIgM PLANE SEPARATIflN d 

(perspective and stereoscopic projections only) 

This card spec i f i e s  the  R-direction separation of the  observer and the  projection plane, 

The PRgJECTIgN PLANE SEPARATIPN card i s  not recommended f o r  general use. See the  FIND card 

described a t  the  end of t h i s  Section. The card may be ommitted i f  VANTAGE PPINT i s  included on 

the FIND card. A theore t ica l  description of projection plane separation i s  contained i n  Sectjon 13 

of the  Theoretical Manual. 

(stereoscopic projection only) 

Ocular separation - S-coordinate separation of the  two vantage points in the  s tereoscopic  

projection i s  defaulted t o  2.756 inches which i s  the  separation used in  the  standard stereoscopic 

cameras and viewers (78mm). I t  i s  recommended t h a t  the  de fau l t  value be used. 

(microfilm p l o t t e r s  only) 

This card o f f e r s  three  options of d i f f e r e n t  cameras o r  combinations: 

type = FILM - 35mm o r  16mm f i lm (pos i t ive  o r  negative images) 

type = PAPER - posi t ive  p r in t s  

type = BPTH - posi t ive  p r in t s  and 35mm o r  16mm f i lm 

The request  f o r  a 35mm o r  16mm camera and pos i t ive  o r  negative images must be communicated 

t o  the  p l o t t e r  operator through normal means of communications a t  the  i n s t a l l a t i o n .  Inser t ion  of 

blank frames between plots  i s  optional and i s  applicable only t o  p lo ts  generated on f i lm.  The type 

option must be FILM o r  BPTH i f  blank frames are  desired.  The p l o t t e r  must be operated i n  the  

manual mode in order t o  have blank frames inser ted  between posi t ive  p r in t s .  I f  b l a n k  frames are  

desired only on fi lm, and not on paper, t i l e  p l o t t e r  rnust be operated in  the  automatic mode. The 
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defau l t  values are type = PAPER,  n = 1.  This card i s  completely opt ional .  

PAPER SIZE a 

( t ab le  p l o t t e r s  only) 

a = horizontal s i z e  of paper in  inches 

b = ver t ica l  s i z e  of paper in  inches 

name = any BCD value desired by user f o r  i d e n t i f i c a t i o n  purposes. 

The de fau l t  parameters a re  8.5 x 11 . O ,  type VELLUM. This card i s  completely opt ional .  

( t a b l e  p l o t t e r s  only) 

i = pen designation number 

j = pen s i z e  number ( 0  thru 3) 

name = color  desired 

This card generates a message on the printed output which may be used t o  inform the  p l o t t e r  

operator as t o  what s i z e  and which color  pen point  t o  mount i n  the various pen holders. The 

actual number of pens avai lable  wi l l  depend on the  p l o t t e r  hardware configuration a t  each i n s t a l l a -  

t ion .  This card does not control the  pen used in  generating the  p lo t  ( see  the  PEN option on the  

PLBT execution card i n  Section 4.2.2.3). The PEN card i s  opt ional ,  and i s  not appropriate f o r  

microfilm p lo t t e r s .  

The pen designations vary on various p l o t t e r s ;  therefore ,  t he  designation numbers used here 

a re  only the pointers to  t rue  iden t i f i ca t ion  of the  pens. The following t ab le  summarizes these Pen 

designations and the  acutal pen numbers on the p l o t t e r s  used. 
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i = or ig in  iden t i f i ca t ion  number (any posi t ive  in t ege r ) .  

j = s e t  i den t i f i ca t ion  number (any posi t ive  i n t e g e r ) .  

l e  = f r ac t iona l  distance of left edge of p l o t  region from the  lower l e f t  corner of the  
image area (defaul t  value = 0 ) .  

be = f rac t ional  distance of bottom edge of p l o t  region from the lower l e f t  corner of the 
image area  (de fau l t  value = 0 ) .  

r e  = f r ac t iona l  distance of r i g h t  edge of p l o t  region from the  lower l e f t  corner of the  
image area (defaul t  value = 1. ) .  

t e  = f r ac t iona l  d is tance  of edge of p l o t  region from the  lower l e f t  corner of the 
image area (defaul t  value = 1 . ) .  

The FIND card requests the  s t ruc tu re  p l o t t e r  t o  compute any of  the  parameters SCALE, DRIGIN i ,  

and/or VANTAGE PPINT indicated by the  user based on SET j ,  MAXIMUM DEF@RMATIQN, REGIgN l e ,  be, re, 

t e ,  and the  paper s i z e  f o r  t ab le  p l o t t e r s .  

Any one, two, o r  a l l  three  parameters may be computed by the program by using t h i s  card ,  pro- 

vided t h a t  the  parameters(s) not requested have already been defined. IF  no s e t  i s  speci f ied  on 

t h i s  card ,  the  f i r s t  s e t  defined i s  used by defaul t .  I f  no options a r e  speci f ied  on the  FIND card ,  

a SCALE and VANTAGE PPINT a r e  se lec ted  and @RIGIN 1 i s  located ,  using the f i r s t  defined SET, SO 

t h a t  the p lo t ted  object  i s  located within the image area.  The p lo t  region i s  defined as some 

f rac t ion  of the  image area (image area = 0 ,  0 ,  I . ,  1. and f i r s t  quadrant = . 5 ,  . 5 ,  I . ,  1 . ) .  The 

image area  i s  located ins ide  the  margins on the paper. Each FIND card must be one (1 ) logica l  

card. The FIND card i s  recontmended f o r  general use 
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4.2.2 .3  PL0T Execut ion Card 

[MAXIMUM OEF~RMATI~N nl , DEFVRMATION il , i 2  THRU i 3 ,  i 4 ,  e t c  

SYMMETRY [ 
c: POINTS 

[SET J1 I [@RIGIN I [{ANTISYMMETRY J W ' [ { ~ ~ ~ S I T y }  P I  [SYMBILS m[ 9 nl] LABEL ELEMENTS 

I-- 1 p&v SHAPE, VECTOR v 1 ,  
 SET jP][gRIGIN k21  . . . . e t c .  

T h i s  l o g i c a l  c a r d  w i l l  cause one p i c t u r e  t o  be generated f o r  each subcase, mode o r  t i m e  s t e p  

requested, u s i n g  t h e  c u r r e n t  parameter  va1 ues. I f  o n l y  t h e  word PLPT appears on t h e  card,  a 

p i c t u r e  o f  t h e  undeformed s t r u c t u r e  w i l l  be prepared u s i n g  t h e  f i r s t  d e f i n e d  s e t  and t h e  f i r s t  

d e f i n e d  o r i g i n .  The a v a i l a b l e  p l o t  o p t i o n s  and t h e i r  meanings are:  

1. STATIC - P l o t  s t a t i c  deformat ions i n  R i g i d  Formats 1,  2, 4, 5, and 6. 

MPDAL - P l o t  mode shapes i n  R i g i d  Formats 3 and 5. 

TRANSIENT - P l o t  t r a n s i e n t  deformat ions i n  R i g i d  Formats 9 and 12. 

2 .  DEFgRMATIBN - Nonzero i n t e g e r s  f o l l o w i n g  r e f e r  t o  subcases t h a t  a r e  t o  be p l o t t e d .  
D e f a u l t  i s  a11 subcases. See SHAPE and VECTgR f o r  use o f  "0" w i t h  
command. 

3. RANGE - Refe rs  t o  range o f  e igenvalues ( n o t  f requency range o r  mode numbers), 
u s i n g  requested subcases, f o r  which p l o t s  w i  11 be prepared. 

TIME - Refers t o  t i m e  i n t e r v a l ,  u s i n g  requested subcases and o u t p u t  t i m e  s teps ,  
f o r  which p l o t s  w i l l  be prepared. 

4. MAXIMUM DEFBRMATIVN - Real number f o l l o w i n g  i s  used as t h e  maximum disp lacement  component 
i n  s c a l i n g  t h e  d isp lacements f o r  a l l  subcases. Each subcase i s  s e p a r a t e l y  
sca led  accord ing  t o  i t s  own niaximum i f  t h i s  i t e m  i s  absent.  

5. SET - I n t e g e r  f o l l o w i n g  i d e n t i f i e s  a s e t  which d e f i n e s  t h e  p o r t i o n  o f  t h e  
s t r u c t u r e  t o  be p l o t t e d .  D e f a u l t  i s  f i r s t  s e t  de f ined .  

6. gRIGIN - I n t e g e r  f o l l o w i n g  i d e n t i f i e s  t h e  o r i g i n  t o  be used f o r  t h e  p l o t .  D e f a u l t  
i s  f i r s t  o r i g i n  de f ined .  

7 .  SYMMETRY w - Prepare an undeformed o r  deformed p l o t  o f  t h e  symmetr ic p o r t i o n  o f  an 
o b j e c t  where w i s  t h e  normal t o  t h e  p lane  o r  p lanes o f  symmetry. 

ANTISYMMETRY w-Prepare a deformed p l o t  o f  the  symmetr ic p o r t i o n  o f  an o b j e c t  t h a t  i s  
loaded  i n  an a n t i  symmetr ical manner, where w i s  t h e  normal t o  the p lane  
o r  p lanes o f  symmetry. 
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The symbol w may specify the  basic coordinates X, Y, o r  Z, o r  any combination thereof .  
This option a1 lows the  p lo t t ing  of symmetric and/or antisymmetric combinations, provid- 
ing an or ig in  i s  se lec ted  f o r  the portion of the  s t ruc tu re  defined by the b u l k  data t h a t  
allows s u f f i c i e n t  room f o r  the complete p lo t .  This does not permit the  combination of 
symmetric and antisymrnetric s~@cases ,  as each p l o t  must represent a s ing le  subcase. This 
capab i l i ty  i s  l imi ted  t o  the  p lo t t ing  of s t ruc tu res  t h a t  a re  loaded i n  a symmetric o r  an 
an t i  symmetric manner. 

8. PEN - Integer following controls  the  in ternal  NASTRAN pen number (see  t a b l e  i n  
Section 4.2.2.2) t h a t  i s  used t o  generate the  p lot  on t ab le  p l o t t e r s .  

DENSITY - Integer following spec i f i e s  l i n e  densi ty  f o r  f i lm p l o t t e r s .  A l i n e  
density of d i s  d times heavier than a l i n e  density of 1 .  

9. SYMBflLS m[,n] - of the  gr id  points associated with the  speci f ied  s e t  wi l l  have 
symbol m overprinted with symbol n printed a t  i t s  locat ion.  I f  n i s  not 
speci f ied ,  only symbol m wi l l  be printed.  

Following i s  a t ab le  of symbols avai lable  on each p l o t t e r .  Symbols t h a t  a re  not  avai l -  
ab le  on a given p l o t t e r  a r e  defaulted t o  a s imi l a r  symbol indicated i n  parentheses. 

10. LABEL GRID PgINTS - fl t he  gr id  points associated with the  speci f ied  s e t  have t h e i r  
i den t i f i ca t ion  number pr in ted  t o  t h e  r i g h t  of the  undeflected o r  def lec ted  
locat ion (undeflected locat ion i n  the  case of superimposed p l o t s ) .  

LABEL ELEMENTS- the elements included i n  the  speci f ied  s e t  a r e  iden t i f i ed  by the  
element iden t i f i ca t ion  number and type a t  the center  of each element. 

LABEL BBTH - Label both the  gr id  points and elements. 

Labels f o r  element types a r e  given in the  following table :  
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11. SHAPE - = t h e  elements included in the specified s e t  are shown by connecting 
the associated grid points in a predetermined manner. 

Both deformed and undeformed shapes may be soecified. A1 1 of the deformed shapes 
relating to the subcases 1 isted a f te r  ~ ~ E ~ O R M A T I O N  may be underlaid on each of their  
plots by including "0" with the subcase string a f te r  DEFORMATION on the PLOT card. The 
undeformed plot will be drawn using PEN 1 or DENSITY 1 and symbol 2 ( i f  SYMBOLS i s  
specified).  

12. VECTgR v - A l ine will be plotted a t  the grid points of the s e t ,  representing in 
length and direction the deformation of the point. 

Vectors representing the total deformation or i t s  principal components may be plotted 
by insertion of the proper l e t t e r ( s )  for  variable v. Possible vector combinations are: 

X o r  Y o r  Z - requesting individual components 

XY or XZ or  YZ - requesting 2 specified components 

XYZ - requesting a l l  3 components 

R X Y  or RXZ or RYZ - requesting vector sum of 2 components 

RXYZ or R - requesting total vector deformation. 

All plots requesting the VECT0R option shall have an underlay generated of the unde- 
formed shape using t h t  same se t s ,  "PEN 1" or "DENSITY l " ,  and symbol 2 ( i f  SYMBOLS i s  
specified).  If "SHAPE" and "VECTOR" are specified; the underlay w ~ l l  depend on wnether 
"0" i s  used with DEFgRMATION. I t  will be the deformed shape when not used and will be 
both deformed and undeformed shapes when i t  & used. The part of the vector a t  the 
grid point will be the t a i l  when the underlay i s  undeformed and the head when i t  i s  
deformed . 

Examples of PL0T Cards 

1. PLgT 

Undeformed SHAPE using f i r s t  defined SET, f i r s t  defined ORIGIN and PEN 1 (or DENSITY 1) .  

2. PLOT SET 3 ORIGIN 4 PEN 2 SHAPE SYMBOLS 3 LABEL 

Undefomed SHAPE using SET 3 ,  ORIGIN 4,  PEN 2 (or DENSITY 2 )  w i t h  each grid point of the 
s e t  having a -I- placed a t  i t s  location, and i t s  identification number printed adjacent to 
i t .  

4.2-14 (3/1/70) 
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PLylT MylDAL DEFylRMATIflN 5 SHAPE 

Modal deformations as defined in subcase 5 using f i r s t  defined SET, f i r s t  defined PRIGIN, 
and PEN 1 (or  DENSITY 1 ) .  

PLflT STATIC DEFORMATIflN 0 ,  3 THRU 5,  8 PEN 4 ,  SHAPE 

STATIC deformations as defined in subcases 3, 4, 5 and 8, deformed SHAPE; drawn with 
PEN 4 ,  using f i r s t  defined SET and BRIGIN, underlayed with undeformed SHAPE drawn with 
PEN 1 .  This comand wi 11 cause four  p lo ts  t o  be generated. 

PLgT STATIC DEFf3RMATIPN 0 THRU 5 ,  

SET 2 ORIGIN 3 PEN 3 SHAPE, 

SET 2 ORIGIN 4 PEN 4 VECTflRS XYZ SYMBflLS 6 ,  

SET 35 SHAPE 

Deformations a s  defined i n  subcases 1 ,  2 ,  3 ,  4 ,  and 5 ,  undeformed underlay with PEN 1 ,  
consis t ing  of SET 2 a t  flRIGIN 3,  SET 2 a t  flRIGIN 4 (with an * placed a t  each g r i d  point  
loca t ion ) ,  and SET 35 a t  ORIGIN 4. Deflected data  a s  follows: SHAPE using SET 2 a t  
ORIGIN 3 (PEN 3) and SET 35 a t  @RIGIN 4 (PEN 4 ) ;  3 VECTgRS ( X ,  Y and Z )  drawn a t  each 
g r id  point  of SET 2 a t  ORIGIN 4 (PEN 4) ( l e s s  any excluded g r id  po in t s ) ,  with 0 placed 
a t  the  end of each vector. 

PLOT STATIC DEFORMATIflNS 0 ,  3 ,  4 ,  

SET 1 flRIGIN 2 DENSITY 3 SHAPE, 

SET 1 SYMMETRY Z SHAPE, 

SET 2 flRIGIN 3 SHAPE, 

SET 2 SYMMETRY Z SHAPE 

S t a t i c  deformations as defined i n  subcases 3 and 4 ,  both halves of a problem solved by 
symmetry using the  X-Y principal  plane as the plane of symmetry. SET 1 a t  f3RIGIN 2 and 
SET 2 a t  flRIGIN 3 ,  with-fiPdeT6med shape plot ted  using DENSITY 3 and the  u n d e O i G X  
s t ruc tu re  p lo t ted  using DENSITY 1 .  The deformations of the  "opposite" hal f  wi l l  be 
p lo t ted  t o  correspond t o  symmetric loading. This command wi l l  cause two p lo t s  t o  be 
generated. 

PLPT TRANSIENT DEFflRMATIflN 1 ,  TIME 0.1,  0.2,  MAXIMUM DEFflRMATIylN 2.0,  SET 1 ,  BRIGIN 1 ,  

PEN 2 ,  SYMBflLS 2 ,  VECTPR R 

Transient  deformations as defined in subcase 1 f o r  time = 0.1 to  time = 0.2 ,  using s e t  1 
a t  o r ig in  1 .  The undefomed shape using pen o r  density 1 with an * a t  each g r id  point  
location will  be drawn as an underlay f o r  the r e su l t an t  deformation vectors usinq pen 
o r  densi ty  2 with an * typed a t  the end of each vector drawn. In addit ion a p lo t t ed  
value of 2.0 wi 11 be used f o r  the  s ingle  maximum deformation occuring on any of the  
p lo ts  produced. All o ther  deformations on a l l  o ther  p lo t s  wi l l  be scaled r e l a t i v e  t o  
t h i s  s ing le  maximum deformation. This comand wi l l  cause a p l o t  t o  be generated f o r  
each output time s t ep  which l i e s  between 0.1 and 0.2. 
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4.2.3 Sumary  o f  S t r u c t u r e  P l o t  Request Packet Ca* 

SET D e f i n i t i o n  - Requi red 

SET i [INCLUDE][ELEMENTS] j, , j2, jg THRU j4, j5, e t c .  

INCLUDE ELEMENTS 1 [:i:kFa]LR. P D I N n ]  '2. '3 THRU '49 etc. 

Parameter D e f i n i t i o n  - O p t i o n a l ,  excep t  as no ted  

PLgTTER p l o t t e r  name, MgDEL name (Requi red i f  n o t  SC-4020) 

(Required i f  n o t  on FIND card )  

(Requi red i f  n o t  on FIND card )  

(Required f o r  p e r s p e c t i v e  and s t e r o s c o p i c  p r o j e c t i o n s  
i f  n o t  on FIND card )  

(Requi red f o r  perspec'ive and s t e r o s c o p i c  p r o j e c t i o n s  
i f  VANTAGE PDINT n o t  on FIND c a r d )  

(Requi red i f  deformed shapes a r e  t o  be drawn) 
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FIND Card - Optional 

PLBT Execution Card - Required 
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a )  y - r o t a t i o n  about  T-axis. 

(b )  B - r o t a t i o n  about  S-axis 

( c )  a - r o t a t i o n  about  R-axis 

Figure 1 .  P l o t t e r  coord ina te  system-model o r i e n t a t i o n .  

4-2-78 (3/1/70) 
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4.3 X-Y @UTPUT 

In r i g i d  formats used f o r  t r ans ien t  response and frequenc.~ response (including random 

response),  the amount of output data generated i s  voluminous. In order t o  a id  the  user in 

ass imi la t ing  t h i s  vas t  amount of data ,  t he  X - Y  output processing modules XYTRAN and XYPLgT have 

been provided. The primary purpose of these modules i s  t o  generate p lo t ted  graphs of y ( x )  where 

x i s  frequency o r  time and y i s  any response quanti ty se lec ted  by the user f o r  observation.  The 

user i s  not required t o  specify any parametric data f o r  the  X-Y p l o t t e r ;  however, he may do so  i f  

he wishes i n  order t o  obtain desired sca le s ,  regions of observation,  e t c .  

In addit ion t o  (or  i n  place o f )  the  p l o t s ,  X-Y t abu la r  output may be printed or  punched, and 

summary data ( e . g . ,  maximum and minimum values and locations of these values) may be obtained f o r  

any X-Y output.  

The X - Y  output described above i s  obtained by the  user v ia  the  X-Y output request  packet of 

the  Case Control Deck. This packet includes a l l  cards between e)UTPUT(XYPL@T) [or @UTPUT(XYe)UT) 1 

and e i t h e r  BEGIN BULK o r  @UTPUT(PL@T). The remainder of t!lis sec t ion describes the X-Y output 

request  data cards and the  ru les  f o r  writ ing them. Examples a re  provided t o  i l l u s t r a t e  the  use 

of t h i s  f ea tu re .  

4.3.1 X-Y P l o t t e r  Terminology 

A s ing le  s e t  of p lo t ted  X-Y pa i rs  i s  known as a "curve". Curves a re  the  e n t i t i e s  t h a t  the  

user requests t o  be p lot ted .  The surface (paper,  microfilm frame, e t c . )  on which one o r  more 

curves i s  p lo t ted  i s  known as a "frame". Curves may be p lot ted  on a whole frame, an upper hal f  

frame, o r  a lower half  frame. Grid l i n e s ,  t i c  marks, axes, ax i s  label ing and other  graphic con- 

t r o l  items may be chosen by the user. The program will  s e l e c t  defaul ts  f o r  parameters not se l ec ted  

by the user. 

Only three cards are  required f o r  an X-Y p lo t  request .  The required cards are :  

1.  X-Y output request  packet i d e n t i f i e r  - (DUTPUT(XYPLe)T) o r  (dUTPUT(XY(DUT). 

2 .  P l o t t e r  se lec t ion card. 

3. A t  l e a s t  one command operation card. 

The terms @UTPUT(XYPL@T) and ,@UTPUT(XY@UY) are interchangeable and e i t h e r  forrii wr !,seci f o r  any 

of the X-Y output reques ts .  The p l o t t e r  se lec t ion card 1 5  described as item 1 i n  ' l i o n  4 . 3 , 2 . ? .  
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If the output i s  limited t o  printing and/or punching the plot ter  selection card i s  not required, 

The comand operation card i s  uzed to  request the variou? Forms of X-Y output, ^This card i s  

described in Section 4,3,3. 

If only the requi red cards are used, the graphic control i tems wi 11 a1 1 assume default values. 

Curves using a1 1 default  parameters have the following genera? characteristics: 

1. Tic marks are drawn on a l l  edges of the frame. Five spaces are provided on each edge of 
the frame. 

2. All t i c  marks are labeled with the i r  values. 

3. Linear scales are used. 

4. Scales are selected such that a l l  points fa19 within the frame. 

5. The plotted points are connected with s t ra igh t  l ines .  

6. The plotted points are not identified with symbols. 

The above character is t ics  may be modified by inserting any of the parameter definition cards, 

described in Section 4.3.2, ahead of the command operation c a ~ d  or cards. The use of a parameter 

definition card se t s  the value of that  parameter for  a l l  following comand operation cards unless 

the CLEAR card i s  inserted (see item 16 of Section 4.3.2.3). i f  grid l ines  are requested, they 

will be drawn a t  the locations of a l l  t i c  marks that  resul t  from defaults or  user request. The 

locations of t i c  marks (or  grid l ines )  for  logarithmic scales cannot be selected by the user. 

Default values for  logarithmic spacing are selected by the program. The default values for  the 

number of t i c  marks (or grid l ines )  per cycle depend on the number of logarithn~ic cycles required 

fo r  the range of the plotted values. 

The definition and rules for the X-Y output request packet cards follow. The definition 
notation used in Section 4.2.1.2 will also be f+llowed hew. The form of statements used in the 

X-Y output request packet differs  in many instances from t h a t  of similar cards used in the 

structure p lo t te r  request packet. The user i s  cautiak~ed to prepare his inpuc decks as specified 

herein. 
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4 . 3 . 2  Parameter Definition Cards 

4.3.2.1 Cards Pertaining to  All Curves 

1.  PLgTTER = p l o t t e r  name, model name 
Selects p l o t t e r ;  required i f  p lo t s  are  requested. P l o t t e r  choices a re  l i s t e d  i n  
Section 4.1. (Note: one o r  both of the plot  tapes must be s e t  up. See Section 5 of the  
Programmer's Manual f o r  ins t ruct ions .  ) 

2 .  CAMERA = c ( In tege r )  
Used f o r  microfilm p lo t t e r s  only t o  s e l e c t  camera as follows: c 5 1 f o r  f i lm,  c = 2 f o r  
paper, c 2 3 f o r  both; defaul t  value i s  3. 

3. PENSIZE = ps ( Integer  0) 

Used t o  s e l e c t  pen f o r  table  p l o t t e r ;  defaul t  value i s  1. (See Section 4.2.2.2) 

4. DENSITY = d ( Integer  L 0) 

Used t o  s e l e c t  1 ine density f o r  microfilm p lo t t e r s  only; defaul t  value i s  1 .  A 1 ine  
density of d i s  d times heavier than a l i n e  density of 1 .  

5. SKIP = s ( Integer  L O )  

Used t o  i n s e r t  blank frames between requested frames f o r  microfilm p lo t t e r s ;  de fau l t  
value i s  1. 

6 .  XPAPER = x (Real) 
YPAPER = y (Real) 
Defines paper s i z e  f o r  t ab le  p l o t t e r s ;  defaul t  value is x = 8.5 inches and 
y = 11.0 inches. 

7 .  XMIN = xl (Real) 
XMAX = x2 (Real ) 

Specifies l i m i t s  of abscissa of curve; defaul t  values a re  chosen so  as t o  accommodate 
a l l  points. 

Request f o r  logarithmic x-coordinate, defaul t  value i s  N0. Default value f o r  t i c  
d ivis ion in terval  depends on number of log cycles (see t ab le  a t  end ~f t h i s  Sec t ion) ,  

YES 
9.  YAXIS = {Ng ) 

Request f o r  p lot t ing y-axis;  defaul t  value i s  Ng. 

10. XINTERCEPT = xi (Real) 

Location on the  x-axis where the y-axis will  be drawn; defaul t  value i s  0.0. 



11. UPPER TICS = u t  (Integer*) 

Request for  t i c  marks t o  be drawn on the upper edge of the frame; default value i s  
integer one. 

12. LPWER TICS = 1 t (Integer*) 

Request for  t i c  marks to  be drawn on the lower edge of the frame; default value i s  
integer one. 

13. CURVELINESYMBPL = cl s (Integer) 
Request for  points to  be connected by lines (c l s  = 0 ) ,  identified by symbol lcls 1 
(CIS < 0 ) ,  or  both ( c l s  > 0) ;  default  value i s  0 ;  see Section 4.2.2.3 for  the l i s t  of 
symbols. 

14. XDIVISIPNS = xd (Integer > 0)  

Appl ies  xd uniform spaces along the x-direction for  whichever of the following are 
called for :  UPPER TICS, LPWER TICS, YINTERCEPT; default  value i s  5 spaces, not 
applicable to  log scales.  

15. XVALUE PRINT SKIP = xps (Integer 2 0 )  

Request for  values to  be placed on t i c  marks. The number of t i c  marks t o  be skipped 
between labeled t i c  marks i s  xps. 

16. CLEAR 

Causes a1 1 parameter values except PLPTTER and t i t l e s  (XTITLE, YTITLE, YTTITLE, YBTITLE, 
TCURVE) to revert t o  the i r  default values. 

17. XTITLE = {any legitimate character string} 

T i t l e  t o  be used with x-axis. 

18. TCURVE = {any legitimate character string} 

Curve t i t l e .  

The default  values f o r  t i c  divisions on log plots are given in the following table ,  b u t  will 
range-over who1 e cycles : 

3.2.2 Cards Pertaining t o  Whole Frame Curves. 

1 .  YMIN = yl (Real) 
YMAX = y2 (Real) 

Specifies l imits  of ordinate of curve; default values are chosen so as to accommodate a l l  
points. 

* See noce on page 4.3-8. 
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2. XAXIS = {:is} 
Request f o r  plotting x-axis; default value i s  N0. 

3. YINTERCEPT = yi (Real) 

Location on the y-axis where x-axis i s  drawn; default  value i s  0.0. 

Request for  logarithmic y-coordinate; default  value i s  N0. Default value for  t i c  
division interval depends on number of log cycles (see Section 4.3.2.1). 

5. LEFT TICS = 1 t (Integer*) 

Request f o r  t i c  marks t o  be drawn on the l e f t  edge of the frame; default  value i s  
integer one. 

6. RIGHT TICS = rt (Integer*) 

Request for  t i c  marks to  be drawn on the r ight  edge of the frame; default value i s  
integer one. 

7. ALLEDGE TICS = ae t  (Integer*) 

Request f o r  t i c  marks t o  be drawn on a l l  edges of the frame; default value i s  zero. 

8. YDIVISI0NS = yd (Integer > 0 )  

Applies yd uniform spaces along the y-direction for  whichever of the following are  
called for :  LEFT TICS, RIGHT TICS, XINTERCEPT; default  value i s  5 spaces; not appli- 
cable to log scales.  

9. YVALUE PRINT SKIP = yps (Integer > 0) 
Request f o r  values t o  be placed on t i c  marks. The number of t i c  marks t o  be skipped 
between labeled t i c  marks i s  yps. 

10. XGRID LINES = {:is} 
Request for  drawing in the grid l ines  parallel t o  the y-axis a t  locations requested f o r  
t i c  marks; default  value i s  N0. 

11. YGRID LINES = {:is} 
Request for  drawing in the grid l ines  parallel t o  the x-axis a t  locations requested fo r  
t i c  marks; default  value i s  Np. 

12. YTITLE = Cany legitimate character s t r ing? 

Ti t le  t o  be used with y-axis. 

4.3.2.3 Cards Pertaining On9y to Upper Half Frame Curves 

1. YTMIN = y t l  (Real) 
YTMAX = y t 2  (Real ) 

Specifies l imits s f  ordinate of curve; default values are chosen so as t o  accormodate 
a l l  points. 

* See note on page 4.3-8. 
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Request f o r  p lo t t ing  x-axis; de fau l t  value i s  Ng. 

YTINTERCEPT = y t i  (Real) 

Location on the  y-axis where x-axis i s  drawn; de fau l t  value i s  0.0. 

Request f o r  logari thmic y-coordinate, de fau l t  value i s  Ng. Default value f o r  t i c  
d iv is ion in terval  depends on number of log cycles (see  t ab le  in  Section 4.3.2.1).  

TLEFT TICS = t l t  (Integer*) 
Request f o r  t i c  marks t o  be drawn on the l e f t  edge of the  upper hal f  frame; de fau l t  
value i s  in teger  one. 

TRIGHT TICS = trt  (Integer*) 

Request f o r  t i c  marks t o  be drawn on the r i g h t  edge of t h e  upper half  frame; d e f a u l t  
value i s  in teger  one. 

TALL EDGE TICS = t a e t  (Integer*) 

Request f o r  t i c  marks t o  be drawn on a1 l edges of the  upper ha1 f frame; de fau l t  value 
i s  zero. 

YTDIVISIgNS = ytd  ( In teger  > 0 )  

y-direction t i c  d iv i s ions ;  de fau l t  value i s  5 spaces; not  applicable t o  log  sca le s .  

YTVALUE PRINT SKIP = ytps  ( In teger  b 0 )  
Request f o r  values t o  be placed on t i c  marks. The number of t i c  marks t o  be skipped 
between labeled t i c  marks i s  y tps .  

XTGRlD LINES = {:is} 
Request f o r  drawing in  the gr id  l i n e s  pa ra l l e l  t o  the  y-axis a t  locations requested f o r  
t i c  marks; de fau l t  value i s  Ng. 

YTGRID LINES = {:is} 
Request f o r  drawing in  the  gr id  l i n e s  pa ra l l e l  t o  the  x-axis a t  locat ions  requested f o r  
t i c  marks; de fau l t  value i s  Ng. 

YTTITLE = {any l eg i t ima te  character  s t r i n g )  

T i t l e  t o  be used w i t h  y-axis. 

* See note on page 4.3-8. 



X-Y OUTPUT 

4.3.2.4 Cards Pertaining Only to Lower Half Franie Curves 

YBMIN = yb9 (Real j 
YBMAX = yb2 (Real) 

Specifies l imits s f  ordinate of curve; default values a re  chosen so as t o  accommodate 
a l l  points. 

Request f o r  plotting x-axis; default  value i s  Ng. 

3 .  YBINTERCEPT = ybi (Real ) 

Location on the y-axis where x-axis i s  drawn; default  value i s  0.0. 

Request for  logarithmic y-coordinate, default value i s  Ng; default value for  t i c  
division interval depends on number of log cycles (see table in Section 4.3.2.9 ). 

5. BLEFT TICS = b l t  (Integer*) 

Request f o r  t i c  marks t o  be drawn on the l e f t  edge of the lower half frame; default  
value i s  integer one. 

5 .  BRIGHT TICS = br t  (Integer*) 

Requeqt for  t i c  marks t o  be drawn on the  r ight  edge o f  the lower ha1 f frame; default  
value i s  integer one. 

7. BALL EDGE TICS = baet (Integer*) 

Request for  t i c  marks t o  be drawn on a l l  edges of the lov~er half frame; default value 
i s  zero. 

8. YBDIVISIgNS = ybd (Integer > 0) 

y-direction t i c  divisions; default  value is 5 spaces; n o t  applicable to  log scales.  

9. YBVALUE PRINT SKIP = ybps (Integer b 0)  

Request f a r  values to  be placed on t i c  marks. The number of t i c  marks t o  be skipped 
between labeled t i c  marks i s  ybps. 

10. XBGRID LINES = {:is) 
Request for  drawing in the grid l ines  parallel t o  the y-axis a t  locations requested fo r  
t i c  marks; default  value i s  N@. 

* See note on page 4.3-8. 
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51, YBGRIU L I N E S  = 

Request f o r  drawing i n  the g r id  lines pa ra l l e l  t o  the  x-axis a t  locat ions  requested f o r  
t i c  narks;  de fau l t  value i s  N@. 

12. Y B T I T L E  = any l eg i t ima te  character  s t r i n g  
T i t l e  t o  be used with y-axis.  

* Note 

To determine i f  on any given edge ( a )  t i c  marks wi l l  be drawn without values,  (b) no t i c  
marks or  values wi l l  be drawn o r  ( c )  t i c  marks with values wl l l  be drawn, the  following sum must 
be computed by the  user.  Add the  t i c  in teger  value of the  edge in question t o  i t s  associated 
ALLEDGE TICS, TALL  EDGE TICS, o r  BALL EDGE TICS in teger  value. If the  r e su l t ing  value i s  l e s s  
than 0 ,  t i c  marks wi l l  be drawn without values. I f  t he  r e su l t ing  value i s  0 ,  no t i c  marks or  
values will  be drawn. I f  t he  r e su l t ing  value i s  g rea te r  than 0 ,  t i c  marks with values will  be 
drawn. The user should be "careful " in h i s  use of the  ALLEDGE TICS, TALL  EDGE TICS, or  BALL EDGE 
TICS cards.  For example, t he  use of only the  ALLEDGE TICS = -1 card will  r e s u l t  i n  no t i c  marks 
o r  values being drawn s ince  the  de fau l t  values f o r  individual edges i s  + 1.  
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4.3.3 Command Operation Cards 

When a command operation i s  encountered, one or more frames w i  11 be generated using the 

current parameter specifications. The form of th i s  card i s :  

ACCE 

default  i s  
a l l  subcases 

"frames " 

1 

Operation - The entr ies  in  the Operation f i e ld  have the following meaning: 

1 .  XYPLBT - generate X-Y plots for  the selected p lo t te r .  

2 .  XYPRINT - generate tabular printer output for  the X-Y pairs.  

3 .  XYPUNCH - generate punched card output for  the X-Y pairs.  Each card contains the 
following information: 

1. X-Y pair sequence number 

2. X-value 

3. Y-value 

4. Card sequence number 

4. XYPEAK - output i s  limited t o  the printed summary page for  each curve. This summary 
page contains the maximum and minimum values of y f o r  the range of x. 
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Curve Type - The entr ies  in the curve type f ie ld  have the meaning given below. Only one may 

appear in a single command operation logical card. However, there i s  no l imit  t o  the number of 

such cards. 

Solution s e t  requests are more e f f i c i en t ,  as the time-consuming recovery of the dependent displace- 

ments can be avoided. I f  there i s  a request for  STRESS or  ELFPRCE,  the recovery of dependent 

displacements cannot be avoided. 

Plot T y p ~  - The entr ies  in the Plot Type f i e ld  have the following meanings: 

1.  RESPPNSE - generate frequency response or  transient response output. This i s  the default 
value. 

2. AUTB - generate output for  the autocorrelation function. 

3 .  PSDF - generate output for  the power spectral density function. 

Subcase List - Generate output f o r  the subcase numbers that  are l i s ted .  Default i s  a l l  

subcases for  which solutions were obtained. 

Curve - The word "frames" represents a ser ies  of curve ident i f iers  of the follow- 

ing general form: 

/a1 (bl , c l )  ,a2(b2,~2),etc./Ul (el  , f l  ),d2(e2,f2) ,etc./etc.  

The information between slashes (1) specifies curves that  are to  be drawn on the same frame. The 

symbol a1 ident i f ies  the grid point or  element number associated with the f i r s t  plot on the f i r s t  

frame. The symbol a2 ident i f ies  the grid point o r  element number associated with the second plot 

an the f i r s t  frame. The symbols dl and d2 identify similar items for  plots on the second frame, 

e tc .  
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The symbols bl and bZ are codes for  the items to be plotted on the upper half of the f i r s t  

frame, and cl and c2 are codes for  the items to be plotted on the lower half of the f i r s t  frame. 

If any of the symbols b l ,  c l ,  b2, or  c2 are missing, the corresponding curve i s  not generated. If  

the comma (,) and cl are absent along with the comma (,) and c2, fu l l  frame plots wi 11 be prepared 

on the f i r s t  frame fo r  the items represented by bl and b2. For any single frame, curve iden t i f ie rs  

must be a l l  of the whole frame type or a l l  of the half frame type, i . e . ,  the comma (,) following 

bl and b2 must be present for  a l l  entr ies  or absent for  a l l  en t r ies  in a single frame. The symbols 

e l ,  f l ,  e2, and f2 serve a similar purpose for  the second frame, e tc .  If  continuation cards are 

needed the previous card may be terminated with any one of the slashes (1) or commas ( ,) in the 

general format. 

The manner in which the i tem code (e.g., bl , b2) i s  implemented i s  dependent upon whether 

the Plot Type i s  e i ther  (a )  RESPBNSE or (b) AUTB or PSDF. 

Plot Type RESPBNSE 

For geometric grid ~ o i n t s ,  the i tem code i s  one of the mnemonics TI, T2, T3, R1, R2, R3, 

TlRM, TZRM, T3RM, RlRM, R2RMy R3RM, TlIP, T2IP, T3IP, RlIP, RZIP, or R3IP, where Ti stands for  the 

t h i f i  translational component, Ri stands for  the i- rotational component, and RM means real or  

magnitude and IP means imaginary or phase. For scalar or extra points, use T I ,  TlRM, or TlIP. 

For elements use a positive integer from the following tables for  element s t ress  item codes or 

element force item codes. See Section 1.3 for  interpretation of symbols. 

Plot Types AUTB or PSDF 

For geometric grid points, the item code i s  one of the mnemonics TI, T2, T3, R1, R2, R3; 

for  scalar  or  extra points use TI. The symbols TI, T2, T3, R1, R2, R3 are  defined as above. For 

elements use a positive integer from the following tables noting that  i f  an item has a real and 

imaginary part ,  the selection of e i ther  part will resul t  in the use of both parts.  Real numbers 

will be treated as i f  they are  complex numbers with zero imaginary parts.  
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Element St ress  Item Codes ---- 
(A11 i tems are  s t r e s s e s  unless otherwise denoted) 

Complex Element St resses  
I tem Real-Mag. o r  
Code I tem Imag. -Phase 

Real Element St resses  
Item 
Code I tem 

Element 
Name 

Axial S t r e s s  
Axi a1 Safety Margin 
Torsional S t r e s s  
Torsional Safety Margin 

Axial S t r e s s  
Axial S t r e s s  
Torsional S t r e s s  
Torsional S t r e s s  

TUBE 

SHEAR 

Same as ROD Same as R P D  

Maximum Shear 
Average Shear 
Safety Margin 

Maximum Shear 
Maximum Shear 
Average Shear 
Average Shear 

TWIST Maximum 
Average 
Safety Margin 

Maximum 
Maximum 
Average 
Average 

TRIAl Z1 = Fibre Distance 1 
Normal -x a t  Z1 
Normal -y a t  Z1 
Shear-xy a t  Z1 
@-Shear Angle a t  Z1 
Major-Principal a t  Z1 
Mi nor-Pri nci pal a t  Z1 
Max-Shear a t  Z1 
22 = Fibre Distance 2 
Normal -x a t  22 
Normal -y a t  22 
Shear-xy a t  22 
8-Shear Angle a t  22 
Major-Pri ncipal a t  22 
Mi nor-Pri nci pal a t  22 
Maximum-Shear a t  22 

Same as TRIA1 

Same as TRIAl 

Z1 = Fibre Distance 1 
Normal -x  a t  1 
Normal -x a t  1 
Norma 1 -y a t  1 
Normal -y a t  1 
Shear-xy a t  1 
Shear-xy a t  1 
22 = Fibre Distance 2 
Norm~J-x a t  2 
Normal-x a t  2 
Normal -y a t  2 
Normal -y a t  2 
Shear-xy a t  2 
Shear-xy a t  2 

TRBSC 

TRPLT 

TRMEM 

Same as TRIAl 

Same as  TRIAl 

Normal -x 
Normal -y 
Shear-xy 
8-Shear Angle 
Ma jor-Pri  nci pal 
Mi nor-Pri nci pal 
Maximum Shear 

Normal -x 
Normal -x 
Normal -y 
Normal -y 
Shear-xy 
Shear-xy 

Same as ROD Same as RBD 

S t r e s s  S t re s s  
St ress  

S t re s s  St ress  
St ress  
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Element 
Name 

QDPLT 

QDMEM 

TRIA2 

QUAD2 

QUAD1 

BAR 

TRIARG 

Real Element St resses  
I tem 
Code I tem 

2 S t re s s  

Same as  TRIAl 

Same as  TRMEM 

Same as TRIAl 

Same as  TRIAl 

Same as  TRIAl 

2 
3 
4 SA3 
5 SA4 
6 

::: 1 * 
Axi a1 

7 SA-maximum 
8 SA-mi nimum 
9 Safety Margin in  Tension 

10 
11 
12 
13 
14 SB-maximum 
15 SB-minimum 
16 Safety Margin in  Comp. 

Z1 = Fibre Distance 1 
Normal -u a t  1 
Normal -v a t  1 
Shear-uv a t  1 
&Shear Angle a t  1 
Major-Principal a t  1 
Minor-Principal a t  1 
Maximum Shear  a t  1 
22 = Fibre Distance 2 
Normal -u  a t  2 
Normal -v a t  2 
Shear-uv a t  2 
8-Shear Angle a t  2 
Major-Pri ncipal a t  2 
Mi nor-Pri nci pal a t  2 
Maximum Shear a t  2 

Radial (x) 
C i  rcum. (Theta) 
Axiai (z)  
Shear (zx) 

Complex Element St resses  
I tem Real-Mac!. o r  
Code I tem Imag . -Phase 

2 S t re s s  
3 S t re s s  

Same as TRIAl 

Same as TRMEM 

Same as  TRIAl 

Same as TRIAl 

Same as TRIAl 

2 
3 
4 
5 SA4 
6 Axi a1 
7 
8 
9 SA3 

10 SA4 
11 Axi il 
12 
13 
14 
15 
16 
17 
18 
19 

* See footnote 2 on next page. 
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Element 
Name 

TRAPRG 

I tem 
Code 

Real Element St resses 

I tern 

Radia l  ( x )  
Circum. (Theta)  
A x i a l  ( z )  
Shear ( z x )  
Radia l  ( x )  
Circum. (Theta 
A x i a l  ( z )  
Shear ( z x )  
Radia l  ( x )  
Ci rcun~.  (Theta)  
A x i a l  ( z )  
Shear ( z x )  
Radia l  ( x )  
Circum. (Theta)  
A x i a l  ( z )  
Shear ( z x )  
Radia l  ( x )  
Circum. (Theta)  
A x i a l  ( z )  
Shear ( z x )  

Mem.-Tangen. 
Mem. - C i  rcum. 
F l e x .  -Tangen. 
F l e x .  -Circum. 
Shear-Force 
Mem.-Tangen. 
Mem. - C i  rcum. 
F lex .  -Tangen. 
Flex.-Circum. 
Shear-Force 
Mem. -Tangen. 
Mem.-Circum. 
F lex .  -Tangen. 
Flex.-Circum. 
Shear-Force 

Complex Element St resses 
I tem Real-Mag. o r  
Code 1 tem 1mag.-Phase 

Note : 

1.  I f  o u t p u t  i s  magni tudelphase t h e  magnitude rep laces  t h e  r e a l  p a r t  and t h e  phase r e p l a c e s  

t h e  imag inary  p a r t .  

2. The symbols SA1 ,2,3,4 and SB1 ,2,3,4 s tand f o r  s t resses  on end A o r  B a t  l o c a t i o n s  C, D, 

E, and F r e s p e c t i v e l y  as d e f i n e d  on t h e  f i r s t  c o n t i n u a t i o n  c a r d  o f  t h e  PBAR b u l k  d a t a  ca rd .  
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Element Force I t e m  Codes ---- 
( A l l  i tems a r e  element f o r c e s  ( o r  moments) un less  o therw ise  i n d i c a t e d )  

Real Element Forces 
I tem 
Code I tem 

Complex Element Forces 
I tem Real-Mag. o r  
Code I tem Imag. -Phase 

2 A x i a l  Force 
3 Torque 

2 A x i a l  Force 
3 A x i a l  Force 
4 Torque 
5 Torque 

Same as RPD I Same as ROD 

2 Force P ts .  1 , 3 
3 Force P ts .  2, 4 

2 Moment P ts .  1, 3 
3 Moment P ts .  2, 4 

2 Bend-Moment-x 
3 Bend-Momen t-y 
4 Twi st-Moment 
5 Shear-x 
6 Shear-y 

2 Force P ts .  1 , 3 
3 Force P t s .  1, 3 
4 Force P t s .  2, 4 
5 Force P ts .  2, 4 

2 Moment P ts .  1, 3 
3 Moment P ts .  1, 3 
4 Moment P t s .  2, 4 
5 Moment P ts .  2, 4 

Bend-Moment-x 
Bend-Moment-y 
Twist-Moment 
Shear-x 
Shear-y 
Bend-Moment-x 
Bend-Moment-y 
Twi st-Moment 
Shear-x 
Shear-y 

Same as TRIAl I Same as TRIAl 

Same as TRIAl I Same as TRIAl 

Same as RPD I Same as RgD 

2 Force 

2 Force 

2 Force 

2 Force 

Force 
Force 

Force 
Force 

Force 
Force 

Force 
Force 

Same as TRIAl I Same as TRIAl 

Same as T R I A l  Same as T R l A l  

Same as TRIAl I Same as TRlAl 
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Element 
Name 

BAR 

Real Element Forces Complex Element Forces 
I tem I ten1 Real-Mag. o r  
Code I tem Code I tem Image-Phase 

Same as TRIAl Same as TRIAl 

2 Bend-Moment A1 
3 Bend-Moment A2 
4 Bend-Moment B1 
5 Bend-Moment 82 
6 Shear-1 
7 Shear-'! 
8 A x i a l  Force 
9 Torque 

Bend-Moment 
Bend-Moment 
Bend-Moment 
Bend-Moment 
Shear-1 
Shear-2 
A x i a l  Force 
Torque 
Bend-Moment 
Bend-Moment 
Bend-Moment 
Bend-Moment 
Shear-1 
Shear-2 
A x i a l  Force 
Torque 
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4.3.4 Examples of X-Y O u t p u t  Request Packets 

BEGIN BULK or  OUTPUT(PLOT) card i s  shown as a reminder t o  the user to  place his X - Y  output 

request packet properly in his Case Control Deck, i .e.  , a t  the end of the Case Control Deck or 

just  ahead of any structure plot  requests. 

Example 1 

~ U T P U T ( X Y  P L ~ T )  
PLOTTER = SC 4020 
XYPLOT SDISP / 16(T1) 
BEGIN BULK 

Causes a single whole frame t o  be plotted for  the TI displacement component of solution s e t  

point 16 using the default parameter values. If  16(T1) i s  not in the solution s e t ,  a 

warning message wi 11 be printed and no plot wi 11 be made. The plot will be generated for the 

SC 4020 p lo t te r  on NASTRAN tape PLT2 which must be s e t  u p .  

Example 2 

OUTPUT (XY OUT) 
PLPTTER =EAI 3500 
XYPLBT, XYPRINT VELO RESPgNSE 1,5 / 3(R1, ), 5( ,R1) 
~ V T P U T ( P L ~ T )  

Causes a single frame (consisting of an upper half frame and a lower half frame) t o  be 

plotted using the default  parameter values. The velocity of the f i r s t  rotational component 

of grid point 3 wi 11 be plotted on the upper half frame and that  of grid point 5 wi 11 be 

plotted on the lower half frame for  subcases 1 and 5. Tabular printer output will also be 

generated fo r  both curves. The plots will be generated for  the EAI 3500, 30-inch, table 

p lo t te r  on NASTRAN tape PLTl which must be s e t  up. Scales will be selected such tha t  the 

frame will f i t  on 8 1/2 x 11-inch paper. 

Example 3 

OUTPUT(XYPL0T) 
PLOTTER = SC 4020 
YDIVISIONS = 20 
XDIVISIONS = 10 
XGRID LINES = YES 
YGRID LINES = YES 
XYPLOT DISP 2,5 /10(Tl) ,lO(T3) 

Causes two whole frame plots to  be generated, one for  subcase 2 and one for  subcase 5. Each 
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plot  contains the T I  and T3 displacement component fo r  grid point 10. The defaul t  parameters 

wi 11 be modified t o  include grid l ines  in both the x and y-directions with 10 spaces i n  t h e  

x-direction and 20 spaces in the y-direction. The plot  will be generated for the SC 4020 

p lo t t e r  on NASTRAN tape PLT2 which must be s e t  up. 

Example 4 

PUTPUT (XY PLPT) 
PLPTTER = EAI 3500 
XAXIS = YES 
YAXIS = YES 
XPAPER = 17.0 
YPAPER = 22.0 
XYPLPT STRESS 3/ 15(2)/  21 ( 6 )  

Causes two whole frame plots  t o  be generated using the resu l t s  from subcase 3.  The f i r s t  

p lo t  i s  the response of the axial s t r e s s  fo r  rod element number 15. The second p lo t  i s  the  

response of the major principal s t r e s s  fo r  t r iangular  membrane element number 21. The 

defaul t  parameters wi 11 be modified t o  include the x-axis and y-axis drawn through the 

or igin .  Each p lo t  will  be scaled t o  f i t  on 17 x 22-inch paper. The plots  will be generated 

f o r  the EAI 3500, 30-inch, table p l o t t e r  on NASTRAN tape PLTI which must be s e t  up. 
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4.3.5 Sumiary ~ J X - Y  O u t p u t  Request Packet Cards 

Type of  value: I = In teger ,  R = Real, B = BCD. See Sections 4 . 3 . 2  and 4*3 .3  f o r  d e t a i l s  o f  

these cards.  

3. PENSIZE 

10. XINTERCEPT 
11. UPPER T I C S  
12. LOWER T I C S  
13. CURVLINESYMBPL = c l s  

subcases /curves 

* yesno m u s t  be e i ther  YES or  N@ 
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5.1 GENERAL 

I n  add i t i on  t o  using the r i g i d  formats provided automat ical ly  by NASTRAN, the user may wish 

t o  execute a ser ies  o f  modules i n  a d i f f e r e n t  manner than provided by the r i g i d  format. Or, he 

may wish t o  perform a ser ies o f  ma t r i x  operations which are not  contained i n  any e x i s t i n g  r i g i d  

format. I f  the modi f ica t ions t o  an e x i s t i n g  r i g i d  format are minor, the ALTER feature  described 

i n  Sect ion 2 may be employed. Otherwise, a user -wr i t ten  D i rec t  Ma t r i x  Abstract ion Program 

(DMAP) should be used. 

DMAP i s  the user-or iented language used by NASTRAN t o  solve problems. A r i g i d  format i s  

b a s i c a l l y  a c o l l e c t i o n  o f  statements i n  t h i s  language. DMAP, l i k e  Engl ish o r  FPRTRAN, has many 

grammatical r u l e s  which must be fo l lowed t o  be i n te rp re tab le  by the NASTRAN DMAP compiler. 

Section 5.2 provides the user w i t h  the ru les  o f  DMAP which w i l l  a l l ow  him t o  understand the r i g i d  

format DMAP sequences, w r i t e  ALTER packages, and const ruc t  h i s  own DMAP sequences using the many 

modules contained i n  the NASTRAN DMAP reper to i re .  

Section 5.3 describes i n d i v i d u a l l y  the  many nonst ruc tura l  l y  or ien ted modules contained i n  

the NASTRAN l i b r a r y  wh i l e  Sect ion 5.4 provides several examples o f  DMAP usage. 

User-wr i t ten modules must conform t o  the  ru les  and usage conventions described herein.  
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5.2 DMAP RULES 

Grammatically, DMAP ins t ruct ions  cons i s t  of two types: Executive Operation Ins t ruct ions  and 

Functional Module Ins t ruct ions .  Grammatical ru les  f o r  these two types of in s t ruc t ions  wi 11 be 

discussed separa te ly  in  subsequent sec t ions .  

Functional modules a r e  a r b i t r a r i l y  c l a s s i f i e d  as s t ruc tu ra l  modules, matrix operation 

modul es , u t i  1 i t y  modules, o r  user-generated modules. 

The DMAP sequence i t s e l f  consis ts  of a s e r i e s  of DMAP ins t ruct ions  o r  statements,  t he  f i r s t  

of which i s  BEGIN and the  l a s t  of which i s  END. The remaining statements consis t  of Executive 

Operation ins t ruc t ions  and Functional Module c a l l s .  

5.2.1 DK4P Rules f o r  Functional Module Ins t ruct ions  

The primary c h a r a c t e r i s t i c  of the  Functional Module DMAP in s t ruc t ion  i s  i t s  prescribed format. 

The general form of the  Functional Module DMAP statement i s :  

MgD I1 ,I2,--- ,Im/P1,02,---,Bn/al ,bl , p l / a 2 , b 2 2 - - - - a b p  $ 

where MOD i s  t he  DMAP Functional Module name, 
I i ;  i = 1 ,m a r e  the  Input Data Block names, 
g i ;  i = l , n  a r e  the  gutput Data Block names, 

and a i  ,bi  ,pi  ; i = 1 ,z a r e  the  Parameter Sections.  

In the  general form shown above, commas (,) a re  used t o  separa te  several  l i k e  i tems while 

s lashes  ( / )  a r e  used t o  separa te  sec t ions  from one another. The module name i s  separated Prom the 

r e s t  of the  ins t ruc t ion  by a blank o r  a comma (,). The do l l a r  s ign ($) i s  used t o  end the  in- 

s t ruc t ion  and i s  not required unless the  ins t ruct ion ends in  the  del imi ter  / . Blanks may be used 

in conjunction with any of the  above del imi ters  f o r  ease  of reading. 

A functional  rnodul e communicates with o ther  modules and the  executive system e n t i r e l y  through 

i t s  inputs,  outputs and parameters. The cha rac te r i s t i c s  o r  a t t r i b u t e s  of each functional module 

a r e  contained i n  t he  Module Properties L i s t  (MPL) described i n  Section 2 of the  Programmer's 

Manual and a r e  ref lec ted  in  the  DMAP Module Descriptions t h a t  follow in  Section 5.3 and in  the 

Module Functional Descriptions contained in Chapter 4 of the  Programmer's Manual. The module name 

i s  a BCD value (which consis ts  of an alphabetic character  followed by up to  seven addit ional  

alphanumeric characters)  and must correspond t o  an ent ry  in the  MPL. A Data Block name may be 

e i t h e r  a BCD value o r  nu l l .  The absence of  a BCD value indicates tha t  t he  Data Block i s  not 

needed f o r  a pa r t i cu la r  appl ica t ion 
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5.2.1.1 Each Functional Module DMAP statement must conform to the MPL regarding 

1. Name spelling 

2. Number of input data blocks 

3. Number of output data blocks 

4. Number of parameters 

5. Type of each parameter 

5.2.1.2 Functional Module Names 

The only Functional Module DMAP names allowed are  those contained in the MPL. Therefore, i f  

a user wishes to add a module, he must e i ther  use one of the User Module names provided (see 

Section 5.3.3) or  add a name to the MPL. The Programmer's Manual should be consulted when adding 

a new module to  NASTRAN. 

5.2.1.3 Functional Module Input Data Blocks 

An input data block must be previously defined in  the DMAP sequence. This i s  accomplished 

by causing the data block to be output from a previous DMAP instruction. Input File Processor 

outputs and any user-input (via Bulk Data Cards) DM1 or  DTI data block names are  exempt from 

th is  rule as are data blocks existing on the Old Problem Tape. Since the number of Data Blocks i s  

prescribed, the number of separating commas must be one less than the number of Data Blocks, even 

though one or  more Data Blocks are null. 

5.2.1.4 Functional Module Output Data Blocks 

A data block name may appear as an output once and only once. New names may be equivalenced 

to old ones, however, as described in Section 5.7.3.2. Since the number of Data Blocks i s  pre- 

scribed, the number of separating commas must be one less  than the number of Data Blocks, even 

though one or  more Data Blocks are  null .  

5.2.1.5 Functional Module Parameters 

Parameters are used for  many purposes. They may convey data values into and/or out from 

the module, or  they may simply serve as flags to  control the computational flow within the module. 

The general form of a parameter section of a DMAP instruction i s  

ai ,bi ,pi 

where the parameter specifications are: 
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V Parameter value i s  variable and may be changed 
by the module during execution. 

ai = 
C Parameter value i s  prescribed i n i t i a l l y  by the 

user and i s  an unalterable constant. 

Y In i t i a l  parameter value may be specified on a 
PARAM bulk data card. 

bi = 
N In i t i a l  parameter value may & be specified on a 

PARAM bulk data card. 

PNAME = v PNAME i s  a BCD value selected by the user t o  
represent the name of the parameter. 

The various forms available for  pi require additional c lar i f icat ion.  The form v means a 

value for  the parameter and may only be used when ai=C and bi=N. The other forms will be 

c la r i f ied  in  the symbolic examples that  follow. Each parameter has an i n i t i a l  value which i s  

established when the DMAP sequence i s  complied during execution of the NASTRAN preface. The means 

by which i n i t i a l  values are established for  a l l  DMAP parameters will be explajned by the symbolic 

examples tha t  follow. The value used a t  execution time may d i f fe r  from the i n i t i a l  value i f  and 

only i f  the module changes the value, i f  ai = "V", and the parameter name appears in a SAVE (see 

Section 5.3.4) instruction immediately following the module. Six parameter types are available. 

The proper type i s  specified by the Module Properties List (MPL). The types and examples of 

values as they would be written i n  DMAP a re  given below: 

Parameter Type Value Exampl@s 

Integer 
Real 
BCD A1 2 

Doubl e-Precision 2.5DO 
Complex Si ngl e-Preci s i  on (1 .oY- i  .o) 
Complex Doubl e-Precision (1 .9DOy-4.OD1) 

Many forms of the parameter section may be used. These will be explained in some de ta i l .  

nu1 1 This i s  equivalent t o  /C,N,v where v i s  the MPL default  value which must ex is t .  No 
nonnull parameters may follow a null parameter in the DMAP statement. A nu1 1 i s  not 
punched, nor i s  the preceding /. 

/ C , N , V  Constant input parameter 
Examples: /C,N,0/C,N,BKLO/C,N3(1 .05-1 - 0 )  

In the three examples shown, the values O ( integer) ,  B L K O  ( B C D )  and 1.5- i1 .0  
(complex, single precision) are defined. 
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/C,Y,PNAME Constant i n p u t  parameter;  MPL d e f a u l t  va lue  i s  used un less  a PARAM b u l k  data c a r d  
r e f e r e n c i n g  'PNAME i s  p resen t .  E r r o r  c o n d i t i o n  i s  d e t e c t e d  i f  e i t h e r  no PARAM c a r d  
i s  p resen t  o r  i f  no MPL d e f a u l t  va lue  e x i s t s .  

/C,Y,PNAME=v Constant  i n p u t  parameter;  t h e  va lue  v  i s  used unless a PARAM b u l k  data c a r d  r e f e r -  
enc ing PNAME i s  p resen t .  

/V ,Y  ,PNAME V a r i a b l e  parameter;  may be i n p u t ,  ou tpu t ,  o r  both;  i n i t i a l  va lue  i s  t h e  f i r s t  o f  
o r  1. va lue  f rom t h e  most r e c e n t l y  executed SAVE i n s t r u c t i o n ,  i f  any 

/V,Y,PNAME=v 2. va lue  f rom PARAM b u l k  d a t a  ca rd  re fe renc ing  PNAME w i l l  be used i f  p r e s e n t  
i n  Bu lk  Data Deck 

3. v, i f  p r e s e n t  i n  DMAP i n s t r u c t i o n  
4. MPL d e f a u l t  va lue,  i f  any 
5. 0  

I f  a parameter i s  o u t p u t  f rom a f u n c t i o n a l  module and i f  t h e  o u t p u t  v a l u e  i s  t o  be 
c a r r i e d  forward, a  SAVE i n s t r u c t i o n  must immediate ly  f o l l o w  t h e  DMAP i n s t r u c t i o n  
i n  which t h e  parameter  i s  generated.  

/V,N,PNAME V a r i a b l e  parameter; may be i n p u t ,  o u t p u t ,  o r  both; i n i t i a l  v a l u e  i s  t h e  f i r s t  o f  
o r  1. va lue  f rom t h e  most r e c e n t l y  executed SAVE i n s t r u c t i o n ,  i f  any 

/ V  ,N ,PNAME=v 2. v, i f  p r e s e n t  i n  DMAP i n s t r u c t i o n  
3. MPL d e f a u l t  va lue,  i f  any 
4. 0  

5.2.2 DMAP Rules f o r  Execu t i ve  Opera t ion  I n s t r u c t i o n s  

Each Execu t i ve  Opera t ion  s tatement  has i t s  own f o r m a t  wh ich  i s  g e n e r a l l y  open-ended, meaning 

t h e  number o f  i n p u t s ,  ou tpu ts ,  e t c .  i s  n o t  p resc r ibed .  Execu t i ve  Opera t ion  i n s t r u c t i o n s  o r  

s tatements a r e  d i v i d e d  i n t o  genera l  c a t e g o r i e s  as f o l  lows : 

1.  D e c l a r a t i v e  i n s t r u c t i o n s  FILE, BEGIN and LABEL which a i d  t h e  DMAP c o m p i l e r  and t h e  
f i l e  a l l o c a t o r .  

2. I n s t r u c t i o n s  CHKPNT, EQUIV, PURGE and SAVE which a i d e  t h e  NASTRAN e x e c u t i v e  system i n  
a1 l o c a t i n g  f i l e s ,  i n t e r f a c i n g  between f u n c t i o n a l  modules and i n  r e s t a r t i n g  a problem. 

3 .  C o n t r o l  i n s t r u c t i o n s  REPT, JUMP, CgND, EXIT and END which c o n t r o l  t h e  o r d e r  i n  which 
DMAP i n s t r u c t i o n s  a r e  executed. 

The r u l e s  assoc ia ted  w i t h  t h e  Execu t i ve  Opera t ion  i n s t r u c t i o n s  a r e  d i s t i n c t  f o r  each i n s t r u c t i o n  

and a r e  d iscussed  i n d i v i d u a l l y  i n  S e c t i o n  5.3.4. 

5.2.3 Techniques and Examples o f  Execu t i ve  Module Usage 

Even though t h e  DMAP program may be i n t e r p r e t a b l e  by t h e  DMAP c o m p i l e r  i t  does n o t  guarantee 

t h a t  t h e  program w i l l  y i e l d  t h e  d e s i r e d  r e s u l t s .  There fo re  t h i s  s e c t i o n  i s  p r o v i d e d  t o  acqua in t  

t h e  DMAP programmer w i t h  techniques and examples used i n  w r i t i n g  DMAP proprams. I n  p a r t i c u l a r  

t h e  i n s t r u c t i o n s  REPT, FILE, EQUIV, PURGE and CHKPNT w i l l  now be d iscussed i n  some d e t a i l .  The 

DMAP module d e s c r i p t i o n s  f o r  a1 7 n o n s t r u c t u r a l  modules w i l l  be found i n  Sec t ion  5.3. 
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The new DMAP user should read Section 5.3 t o  obtain the  necessary knowledge of terminology 

before reading this sec t ion .  

The data blocks and functional modules referenced in  the  following examples a r e  f i c t i t i o u s  

and have no r e l a t ionsh ip  t o  any real da ta  blocks o r  functional  modules. 

A data block i s  described as  having a s t a t u s  of "not generated," "generated" o r  "purged." A 

s t a t u s  of not generated means t h a t  the  data block i s  avai lable  f o r  generation by appearing as 

output in a functional  module. A s t a t u s  of  generated means t h a t  the  data block contains data 

which i s  ava i l ab le  f o r  input t o  a subsequent module. A s t a t u s  of purged means t h a t  the  data 

block cannot be generated and any functional  module attempting t o  use t h i s  data block as  input 

o r  output wi l l  be informed t h a t  the purged data block i s  not ava i l ab le  f o r  use. 

5.2.3.1 The REPT and FILE Ins t ruct ions  (see Section 5.3.4) 

The DMAP ins t ruc t ions  bounded by the  REPT ins t ruc t ion  and the  label  referenced by the  REPT 

ins t ruc t ion  a r e  refer red  t o  as a loop. The location referenced by the  REPT i s  ca l l ed  t h e  top 

of the  loop. In many respects a DMAP loop i s  l i k e  a g i an t  functional  module s ince  i t  requires  

inputs and generates output data blocks which usually can be handled correc t ly  by the  F i l e  

Allocator (see  Section 4.9 of the  Programmer's Manual) without any special  ac t ion by the DMAP 

programer .  The one exception i s  a data block t h a t  i s  not referenced outs ide  the  loop ( i . e . ,  an 

in ternal  data block with respect  t o  the  loop). The f i l e  a l loca to r  considers in ternal  da ta  blocks 

a s  scra tch  data  blocks t o  be used f o r  the present pass through the  loop but not t o  be saved f o r  

input  a t  the top of  the loop. Should the DMAP programmer des i r e  to  save an in ternal  data block, 

he may do so by declaring the data block SAVE in  the  FILE ins t ruc t ion .  

When the  REPT ins t ruct ion t r ans fe r s  control back t o  the top of the  loop, the  s t a t u s  of a l l  

in ternal  data blocks i s  changed to  "not generated" unless the  in ternal  data block i s  declared 

SAVE i n  a FILE ins t ruc t ion .  Note t h a t  t h i s  r u l e  a l so  appl ies  t o  data blocks declared APPEND (see  

Section 5.3.4). That i s ,  an in ternal  data block t h a t  i s  declared APPEND in  a FILE ins t ruc t ion  i s  

not saved unless i t  i s  a l so  declared SAVE. I t  should a l so  be noted tha t  equivalences es tabl ished 

between in t e rna l  data blocks (not declared saved) and data blocks referenced outs ide  the  loop a re  

not ca r r i ed  over f o r  the  next time through the  loop. The equivalence must be re-established each 

time through the  loop. Data blocks generated by the  Input F i l e  Processor a r e  considered referenced 

outs ide  of a l l  DMAP loops. 
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EXAMPLE using REPT and FILE i n s t r u c t i o n s .  

BEGIN $ 
FILE X=SAVE / Y=APPEND,SAVE / Z=APPEND $ 
LABEL L1 $ [ MOD1 B/W,Y $ 
C0ND L3,PX $ 
MOD2 A/X/V,N,PX=O $ 
SAVE PX $ 
LABEL L3 $ 
MgD3 W,X,Y/Z $ 
REPT L1,l $ 

Assume t h a t  MBD2 sets  PX < 0 when i t  i s  executed. Note t h a t  Z i s  declared APPEND b u t  i t  need 

no t  be declared SAVE since i t  i s  referenced outs ide  the  loop, whereas Y must be saved s ince i t  i s  

an i n t e r n a l  data b lock  t h a t  i s  t o  be appended. X i s  an i n t e r n a l  data b lock  t h a t  i s  t o  be saved 

s ince i t  w i l l  on ly  be generated the  f i r s t  t ime through the  loop bu t  i s  needed as i n p u t  each 

t ime the  loop i s  repeated. W i s  an i n t e r n a l  data block t h a t  i s  generated each t ime through the  

loop; t he re fo re  i t  i s  no t  saved. 

The f o l l o w i n g  t a b l e  shows what happens when the  above DMAP program i s  executed. Only modules 

being executed are shown i n  the  tab le .  Data blocks A and B are assumed t o  be generated by the i n -  

p u t  f i l e  processor, and hence are considered referenced outs ide o f  a l l  DMAP loops. 
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No t r a n s f e r  occurs s ince  PX 2 0 

The value created above i s  saved f o r  subsequent 

W ,  X, Y a r e  a l l  

Transfer t o  L1 - s e t  loop count t o  1-1=0 
i n i t i a l l y  s e t  a t  1 

W - not generated ( in t e rna l  data block) 

W, X, Y - generated - generated (appended) 

Loop count i s  now 0 o t r a n s f e r  occurs. 

utput t o  p r i n t e r  (assumed) 

5.2.3.2 The EQUIV Ins t ruct ion (see  Section 5.3.4) 

There a r e  no r e s t r i c t i o n s  on the  s t a t u s  of data blocks referenced i n  an EqUIV ins t ruc t ion .  

Consider the  ins t ruc t ion  EQUIV A,B,,---,BN/P $ when P < 0. Data blocks B1,---,BN take  on a l l  

t he  cha rac te r i s t i c s  of data block A including the  s t a t u s  of A .  This means the  s t a tus  of some B 
j 

can change from purged t o  generated o r  not generated. 

The EQUIV ins t ruc t ion  will  unequivalence data blocks when P 2 0. In an unequivalence opera- 

t i on ,  the  s t a t u s  of a11 secondary data  blocks rever ts  to  n o t  generated. 

Suppose A ,  B ,  and C a r e  a91 equivalenced and P z 0. EQUIV A,B/P $ w i l l  break t h e  

equivalence between A and B but not between A and C .  
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Now consider the fo l l ow ing  s i t u a t i o n .  Data block B i s  t o  be generated by repeatedly 

executing func t i ona l  module MpD2. The i n p u t  t o  MBD2 i s  the  previous output  from MgD2. That i s  

t o  say, each successive generation o f  B depends on the previous B generated, The fo l l ow ing  

example shows how the EQUIV i n s t r u c t i o n  i s  used t o  solve t h i s  problem. Assume parameter BREAK r 0 

and parameter LINK < 0. 

EXAMPLE o f  EQUIV i n s t r u c t i o n .  

BEGIN $ 
MgD1 A/B $ 
LABEL L1 $ 
EQUIV B,BB/BREAK $ 
MgD2 B/BB $ 
EQUIV BB,B/LINK $ 
REPT L1.l $ 

END $ 

The f o l l o w i n g  t a b l e  shows what happens when the above DMAP program i s  executed. Only modules 

being executed are shown i n  the tab le .  

No ac t i on  taken. 

BB and B are no t  B i s  equivalenced t o  BB. That i s ,  B assumes a l l  
o f  the cha rac te r i s t i cs  o f  BB. 
B and BB then both have the s ta tus  o f  generated. 

Transfer  t o  L1; s e t  loop count t o  1-1=0. 

Loop count i s  O No t r a n s f e r  occurs. 

Output t o  p r i n t e r  (assumed) 
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Since equivalences are automatically broken between internal f i l e s  (not declared saved) and 

f i l e s  referenced outside the loop, the above DMAP program could be written as follows and the 

same resul ts  achieved. 

DMAP 
I oop 

BEGIN 

LABEL 

MgD3 
END 

Data block BB i s  now internal ; therefore, the instruction EQUIV B,BB/BREAK $ i s  not needed. 

5.2.3.3 The PURGE Instruction (see Section 5.3.4) 

The s tatus  of a data block i s  changed to purged by expl ic i t ly  o r  implicitly purging i t .  A 

data block i s  expl ici t ly  purged through the PURGE instruction, whereas i t  i s  implicitly purged i f  

i t  i s  not created by the functional module in which i t  appears as an cutput. 

The primary purpose of the PURGE instruction i s  to  prepurge data blocks. Prepurging i s  the 

expl ic i t  purging of a data block prior to  i t s  appearance as output from a functional module. 

Prepurging data blocks a1 lows the NASTRAN executive system to  a1 locate available f i l e s  more 

eff ic ient ly which decreases problem execution time. The DMAP programmer should look fo r  data 

blocks that  can be prepurged and purge them as soon as i t  i s  recognized that  they will not be 

generated. 

Sometimes during the execution of a problem i t  i s  necessary to generate a data block whose 

s tatus  i s  purged. This situation can occur both in DMAP looping and in a modified r e s t a r t  

s i tuat ion.  In order to generate a data block tha t  i s  purged i t  i s  f i r s t  necessary t o  unpurge i t  

( i  . e . ,  change i t s  s ta tus  from purged to not generated). Unpurging i s  achieved by executing a 

PURGE instruction which references the purged data block and whose purge parameter i s  positive. 

The PURGE instruction thus has two functions, to  unpurge as well as purge data blocks 

depending on the value of the purge parameter and the s tatus  of the referenced data block. 

The following table shows what action i s  taken by the PURGE instruction for  a l l  combinations of 

input. 
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The user may wonder why he should n o t  prepurge a l l  data blocks and then unpurge them when 

necessary i n  order t o  r e a l l y  a s s i s t  the  T i l e  a l l oca to r .  One should no t  do t h i s ,  s ince there  i s  a 

l i m i t e d  amount o f  space i n  the  t a b l e  where the s ta tus  o f  data blocks i s  kept. One may overf low 

t h i s  t a b l e  i f  too many data blocks are purged a t  one time. Therefore, on ly  prepurge those data 

blocks t h a t  can t r u l y  be prepurged. 

EXAMPLE o f  e x p l i c i t  and imp1 i c i  t purging and prepurging. 

BEGIN $ 
MpD1 IP/A/V,Y,PX/V,Y,PY/V,Y,PB $ 
SAVE PX,PY,PB $ 
PURGE X/PX / Y/PY $ 
MOD2 A/B,C,D/V,'i,PB/V,Y,PC $ 
SAVE PC $ 
PURGE C/PC $ 
MgD3 B,C,D/E $ 
M@D4 E/X,Y,Z $ 
MgD5 X,Y,Z// $ 
END $ 

Assume t h a t  module MOD1 sets PX < 0, PY 2 0 and PB = 0. Assume t h a t  B i s  n o t  generated by MpD2 

i f  PB = 0. Assume t h a t  MpD2 sets PC < 0, b u t  does not  change PB. 

The fo l l ow ing  t a b l e  shows what happens when the above DMAP program i s  executed. Only 

modules being executed are shown i n  t he  tab le .  
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Module being 
executed 

SAVE 

PURGE 

SAVE 

PURGE 

END 

Input  s ta tus  Output s ta tus  and coinnrents 
and comments 

IP-assumed generated 
by the i n p u t  f i l e  
processor 

X,Y-not generated 
PX < 0, PY 2 0 

A - generated; PB = 0 

C - generated 
PC < 0 

B, C - purged 
D - generated 

E - generated 

X - purged 
Y, Z - generated 

A - generated 
PX < 0, PY 2 0, PB = 0 

Parameter values are saved f o r  use i n  subsequent 
modules. 

X - purged (i .e., prepurged) 
Y - n o t  generated 

B - purged ( i .e. ,  i m p l i c i t l y ) ;  C, D - generated; 
PC < 0. 

PB value no t  saved s ince MOD2 d i d  n o t  r e s e t  it. 

C - purged 

E - generated 

X - purged; Y - generated; Z - generated 

Output t o  p r i n t e r  (assumed) 

Normal te rminat ion  o f  problem. 

EXAMPLE o f  unpurging. 

DMAP 
loop 

BEGIN 
FILE 
FILE 
MgD1 

/ LABEL 
C0ND 
PURGE 
MOD2 
SAVE 
PURGE 
LABEL 
MOD3 

\ REPT 
MOD4 
END 

Assume t h a t  MOD2 sets  PX<O and NPXkO the f i r s t  t ime i t  i s  executed. Assume t h a t  M0D2 sets  PX 2 0 

and NPX < 0 the second t ime i t  i s  executed. 

The fo l l ow ing  tab le  shows what happened when the  above DMAP program i s  executed. Only 

modules being executed are shown i n  the tab le .  
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5.2.3.4 The CHKPNT Ins t ruc t ion  (see Section 5.3.4) 

The CHKPNT ins t ruc t ion  provides the user w i th  a means f o r  saving data blocks f o r  subsequent 

r es ta r t  o f  h i s  problem w i th  a minimum amount o f  redundant processing. The fol lowing ru les w i l l  

assure the DMAP programmer o f  the most e f f i c i e n t  res ta r t .  

1. Checkpoint a l l  output data blocks from every funct ional module. 

Module being 
executed 

MgD1 

CPND 

PURGE 

M0D2 

SAVE 

PURGE 

MgD3 

REPT 

QND 

PURGE 

M0D2 

SAVE 

PURGE 

M0D3 

REPT 

CgND 

MpD3 

REPT 

MgD4 

END 

Input  status 
and comments 

IP-assumed generated 
by input  f i l e  
processor. 

N P X = O  

X - not  generated 

A - generated 

PX < 0, NPX r 0 

X - generated; PX < 0 

X - purged; 
Y - generated 

Loop count = 2 

NPX 2 0 

X - purged; NPX r 0 

A - generated 

PX 2 0, NPX < D 

X - generated; PX r 0 

X,Y - generated 

Loop count = 1 

NPX < 0 

X, Y - generated 

Loop count = 0 

Z - generated 

Output status and comments 

A - generated 

Jump not  executed 

X - not generated (i.e., no act ion taken) 

X, Y - generated; PX < 0, NPX t 0 

X - purged 

Z - generated 

Transfer t o  loca t ion  L1; Loop count = i 

Jump not  executed 

X - not generated (i.e., unpurged) 

X - generated; Y - generated (note o l d  data f o r  
Y i s  l o s t  because Y not  Appended); PX - > 0, 
NPX < 0 

X - generated (i .e., no act ion taken) 
I 

Z - generated (note new data appended t o  o l d  
because 2 declared appended) 

Transfer t o  locat ion L1; Loop count = 0 

Transfer t o  locat ion L2 

Z - generated ( i  .e., appended) 

Fa l l  through t o  next ins t ruc t ion  

Output t o  p r i n t e r  (assumed) 

Normal termination o f  problem 
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2. Checkpoint a l l  d a t a  blocks mentioned in a PURGE instruction. 

3.  Checkpointal? secondary d a t a  blocks in an EQUIV instruction. Never checkpoint primayy 
data blocks in an EQUIV instruction. 

EXAMPLE of checkpointing. 

BEGIN 
MgDl 
SAVE 
CHKPNT 
PURGE 
CHKPNT 
EQUIV 
CHKPNT 

END $ 

The same results are achieved i f  the above program i s  written as: 

BEGIN $ 
MgD1 A/B,C/V,YPl/V,Y ,P2 $ 
SAVE P l  ,P2 $ 
PURGE X,Y/Pl / ZIP2 $ 
EQUIV B,BB/Pl / C,CC,D/P2 $ 
CHKPNT B,C,X,Y,Z,BB,CC,D $ 

END $ 

In the f i r s t  example the data blocks were checkpointed as soon as possible, which i s  the 

most straightforward way, but i t  required three ca l l s  t o  the checkpoint module, which increases 

problem execution time. The second way i s  therefore more e f f ic ien t  b u t  not qui te  so s t ra igh t -  

forward. Since checkpointing usual ly requires a small fraction of the total execution time, i t  

i s  recornanended that  the user use the most straightforward method to avoid trouble. The r igid 

format DMAP sequences have been designed fo r  efficiency and, consequently, they appear more 

complex than they real ly are.  
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5.3 DMAP MODULE DESCRIPTIONS 

Descr ipt ions o f  a1 l nonst ruc tura l  l y  or ien ted Modules are contained herein, arranged alpha- 

b e t i c a l  l y  by category as i nd i ca ted  by the 1 i s t s  below. Descr ipt ions f o r  the s t r u c t u r a l l y  o r i en ted  

modules are contained i n  Sect ion 4 o f  the  Programmer's Manual. They are l i s t e d  here i n  order  t o  

provide a complete 1 i s t  o f  a1 1 NASTRAN Modules. Add i t iona l  in format ion regarding nonst ruc tura l  l y  

or iented modules i s  a lso  given i n  Sect ion 4 o f  the Programmer's Manual. 

U t i  1 i ty Modules 

(See Section 5.3.2) 

MATGPR 
MATPRN 
MATPRT 
PAR AM 
PRTPARM 
SEEMAT 
SETVAL 
TABPT 

User Modules 

(See Section 5.3.3) 

DDR 
DUMMODl 
DUMMODP 
DUMMOD3 
DUMMgD4 
INPUT 
INPUTTl 
I NPUTT2 
INPUTT3 
INPUTT4 

CASE 
CEAD 
DDRl 
DDRP 
DPD 
DSMGl 
DSMGP 
FRRD 
GKAD 
GKAM 
GP1 
GP2 
GP3 

MO DA 
MODB 
M0DC 
OUTPUT 
OUTPUT1 
OUTPUT2 
OUTPUT3 
OUTPUT4 
XYPRNPLT 

Mat r ix  Operation Modules 

(See Section 5.3.1) 

ADD 
DECOMP 
FBS 
MERGE 
MP Y AD 
PARTN 
SMPYAD 
S@LVE 
TRNSP 

Executive Operation Modules 

(See Section 5.3.4) 

BEGIN FILE 
CHKPNT JUMP 
COND LABEL 
END PURGE 
EQU I V REPT 
EXIT SAVE 

S t r u c t u r a l l y  Or iented Modules 

(See Section 4 o f  the Programmer's Manual) 

GP4 PRTMSG 
GPSP RANDOM 
GPWG RBMGl 
MCEl RBMG2 
MCEP RBMG3 
MTRXI N RBMG4 
OFp READ 
PLAl SCEl 
PLAP SDRl 
PLA3 SDR2 
PLA4 SDR3 
PLOT SMAl 
PLTSET SM A2 

SMA3 
SMPl 
SMP2 
SSGl 
SSG2 
SSG3 
SSG4 
TA1 
TRD 
VDR 
XY PLOT 
XYTRAN 
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In the examples that  accompany each description, the followl'ng notation i s  used: 

1. Upper case l e t t e r s  and special symbols f il "Lie DMAP cdl l i n g  sequence must be punched as 
shown except for  data block names, parameter names, and label names which are symbolic. 

2. Lower case l e t t e r s  represent constants whose permissible values are indicated in the 
descriptive text .  

Due t o  the many possible forms which may be used when writing parameters, a variety of 

a rb i t ra r i ly  selected forms will  be used in the examples. This does not imply that  the form used 

in any example i s  required o r  tha t  i t  i s  the only acceptable form allowed. 

The terms form, type, and precision are used in many functional module descriptions. By form 

i s  meant one of the following: 

Form Meaning 

1 Square 

2 Rectangular 

6 Symetri  c 

By type i s  meant one of the following: 

LYE Meani ng 

1 Real , single precision 

2 Real, double precision 

3 Complex, s ingle  precision 

4 Complex, double precision 

By precision i s  meant one of the following: 

Precision Indicator Meaning 

1 Single precision numbers 

2 Double precision numbers 
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5.3.1 Mat r ix  Operation MR~Y 

Module 

ADD 

DEC0MP 

FBS 

MERGE 

MPYAD 

PARTN 

SMPYAD 

SgLVE 

TRNSP 

Basic Operation 

EX]  = a[A1 + b[B] 

[A] => [L][UJ 

[XI = ~CLI~UI)-' [BI 
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NAME: ADD (Matrix Add) 1.  - 

11. P U P  l o  compute [XI = a[A] 9 b[B] where a and b arc  scale factors.  

111. DMAP CALLING 

ADD A , B / X / C , Y , A L P H A = ( I  . 0 , 2 .0 ) /C ,Y9BETA=(3 , , .  $ 

I V .  INPUT DATA BLgCKS: 

A - Any rnatrix 

B - Any matrix 

Note: [A] and/or [B] may be purged, in which case the corresponding term in the matrix sum - 
will be assumed null.  The input data blocks must be unique. 

V. gUTPUT DATA BLgCKS: 

X - matrix. 

The type of [XI i s  maximum of the types of [A], [B] ,  a ,  b. The s ize  of [XI i s  the 

s i ze  of [A] i f  [A] is present. Otherwise i t  i s  tha t  of [ E l .  

Note: & X I  cannot be purged. 
P 

VI . PARAMETERS : 

ALPHA - Input-complex-no default  value. This i s  a ,  the scalar  multiplier for  [A]. 

BETA - Input-complex-no default  value. This i s  b ,  the scalar  mul t i p l i e r  for  [B]. 

Note: I f  Im(ALPHA) o r  Im(BETA) -- 0.0 the corresponding parameter will be consjdered real .  - 
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DECOMP (Matrix Decomposition) 1 -  - 

I I .  PURPBSE: To decompose a square matrix [A] into upper and lower t r iangular  factors  [U] and 

[LI . 

I 11. DMAP CALLING SEQUENCE: 

DEC0MP A / L , U / V , Y  ,KSYM/V,Y ,CHflLSKY/V,N,MINDIAG/V,N,DET/V,N,PWER/V,N,SNG $ 

IV. INPUT DATA BLOCKS: 

A - A square matrix 

V .  0UTPUT DATA BLOCKS: 

L - Nonstandard lower t r iangular  f ac to r  of [A]. 

U - Nonstandard upper t r iangular  f ac to r  of [A]. 

VI . PARAMETERS : 

KSYM - Input-integer-no defaul t .  1 ,  use symmetric decomposition. 0,  use unsymmetric 
decomposition. 

CHflLSKY - Input-integer-default = 0, 1 ,  use Cholesky decomposition - matrix must be posi- 
t ive  de f in i t e .  0 ,  do not use Cholesky decomposition. 

MINDIAG - Output-real-no defaul t .  The minimum diagonal term of [U]. 

DET - O u t  ut-complex s ingle  precision-no defaul t .  The scaled value of the determinant 
of !A]. 

POWER - Output-integer-no defaul t .  Integer P0WER of I0  by which DET should be multiplied 
t o  obtain the determinant of [A]. 

SING - Output-integer-no defaul t .  SING i s  s e t  t o  -1 i f  [A] i s  singular.  

VI I .  REMARKS : 

1 .  Non-standard t r iangular  f ac to r  matrix data blocks a re  used to  improve the eff ic iency 

of the back subst i tu t ion process in module FBS. The format of these data blocks i s  

given in Section 2 of the Programmer's Manual. 

2. The matrix manipulating u t i l i t y  modules should be cautiously employed when dealing with 

non-standard matrix data blocks , 

3. I f  the CHOLSKY option i s  se lected,  the resul t ing factor (which will  be writ ten as [U]) 

cannot be input t o  FBS. 
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I .  NAME: FBS (Mat r ix  Forward-Backward Subs t i t u t i on )  

11. PURPOSE: To so lve  the  ma t r i x  equation [L][U][X] = +[B] where [L] and [U] a re  the lower and 

upper t r i a n g u l a r  f a c t o r s  o f  a  mat r ix  p rev ious ly  obtained v i a  Functional Module BECOMP. 

111. DMAP CALLING SEQUENCE: 

FBS L,U,B/X/C,N,a/C,N,b/C,N,c/C,N,d $ 

I V .  INPUT DATA BLOCKS: 

L  - Nonstandard lower t r i a n g u l a r  f a c t o r  

U - Nonstandard upper t r i a n g u l a r  f a c t o r  

B  - Rectangular m a t r i x  

V .  OUTPUT DATA BLOCKS: 

X - Rectangular m a t r i x  having the same dimensions as [B]. 

V I  . PARAMETERS : 

a - Input - in teger -no de fau l t .  1  ma t r i x  [L][U] i s  symmetric 

0 mat r i x  [L][U] i s  unsymmetric 

b  - Input - in teger -no de fau l t .  1  solve [L][U][X] = [B] 

-1 solve [L][U][X] = -[B] 1 
c  - Input - in teger -no d e f a u l t .  1 1 - use s i n g l e  p rec i s i on  a r i t hme t i c  

2 - use double p rec i s i on  a r i t hme t i c  

d  - Input- integer-no de fau l t .  1 - output  [ X I  i n  s i n g l e  p rec i s i on  

2 - output  [ X I  i n  double p rec i s i on  

V I  I .  REMARKS : 

1. Non-standard t r i a n g u l a r  f a c t o r  ma t r i x  data blocks are  used t o  improve the e f f i c i e n c y  o f  

t he  back s u b s t i t u t i o n  process. The format o f  these data blocks i s  g iven i n  Sect ion 2 o f  

the  Programmer's Manual. 

2. The ma t r i x  manipulat ing u t i l i t y  modules should be caut ious ly  employed when dea l ing  w i t h  

non-standard m a t r i x  data blocks. 

3.  None o f  the parameters have de fau l t  values. 
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NAME: MERGE (Matrix Merge) I .  

11. P U S :  TO form the matrix [A] from i t s  partit ions: 

111. DMAP CALLING SEQUENCE: 

MERGE A1 1 ,A21 ,A1 2,A22,CP,RP/A/V9Y ,SYM/V ,Y,PRECV Y F O R M  $ 

INPUT DATA BLPCKS: IV. --- 
All - Matrix 

A12 - Matrix 

A21 - Matrix 

A22 - Matrix 

RP - Row partit ioning vector (See below) - Single precision column vector. 

CP - Column partit ioning vector (See below) - Single precision column vector. 

Notes : 

1. Any o r  a l l  of LAll], [A12], [A21], [A223 can be purged which implies [AIJ] = LO]. 

2. (RP) and {CP} may not both be purged. 

3 .  See Remarks for  meaning when e i ther  of (RP) or  ICP3 i s  purged. 

4. [A1 11, [A12], [A21], [A221 must be unique matrices. 

P)UTPUT DATA BLBCKS: v.  --- 
A - merged matrix from [All], [A12], [A21], [A221 

Notes: [A] cannot be purged. 

VI . PARAMETERS : 

SYM - input-integer-no default .  SYM 2 0, {RP) i s  used fo r  {CPI. SYM > 0, (CPI and (RP) 
are d i s t inc t .  
TYPE - Input-Integer-no default .  Type of [A] 
FORM - Input-Integer-no default .  Form of [A] 
PREC - Input-Integer-no default .  Precision of [A] 

VI I .  REMARKS : 
1. MERGE i s  the inverse of PARTN in the sense tha t  i f  [All], [A12], [A21], [A221 were 

produced by PARTN using (RP), {CP),  FBRM, SYM, and TYPE from [A], MERGE will reproduce 

[A]. See PARTN for  options on (RP),  ICP3 and  SYM. 

2, All input data blocks must be d i s t inc t  
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NAME: MPYAD (Matrix Multiply and Add) 1. P 

11. PURPgSE: MPYAD perforins the multiplication of two matrices and, optionally,  addition of a 

th i rd  matrix t o  the product: By means of parameters, the  user may compute [A][B]+[C], 

[ A I ~ [ B I + [ ~ I  , [AI[B1-[Cl ,  [AI~[BI-[CI ,  - [ A l [ B l + [ C l ,  -IAI~[BI+[CI, -[AI[BI-[C], o r  

- C A I ~ C B I - E ~ I .  

111. DMAP CALLING SEQUENCE: 

MPYAD A,B,C/X/V,N,T/V,N,SIGNAB/V,N,SIGNC/V,N,PREC $ 

INPUT DATA BLgCKS: IV. - - - 
A - Left hand matrix in  the matrix product [A][B] 

B - Right hand matrix in  the  matrix product [AI[BI 
C - Matrix t o  be added t o  [A][B] 

Notes : 

1. If  no matrix i s  t o  be added, [C] must be purged. 

2. [A], [B], [C] must be physically d i f fe ren t  data blocks. 

3 .  [A] and [BI must not be purged. 

BUTPUT DATA BLgCK: v.  --- 
X - Matrix resul t ing from the MPYAD operation. 

Note: [ X I  may not be purged. - 

VI . PARAMETERS: 1 ,  perform [ A ] ~ [ B ]  
T - in teger ,  input,  no defaul t .  T = {  0, perform [A][B] 

i + I ,  perform [A][B] 
SIGNAB - in teger ,  input ,  no default .  SIGNAB = -, ,  perform 

= i + I ,  add [C] 
SIGNC - integer,  input,  no default .  SIGNC -1, subtract  [C] 

1 ,  elements of [XI will  be output i n  
single-preci sion 

PREC - in teger ,  input,  no defaul t .  PREC 2 ,  elements of [XI will be output i n  
double-preci s ion 

VI I .  EXAMPLES: 

1 .  [XI = [A][B]+[c] ([XI double precision) 
MPYAD A.B.C/X/C,N90/C,N,1/C,N31/C,N,2 $ 

2. EX1 = [ A ] ~ [ B ~ - T C ~  ([XI single-precision) 
MPYAD A , B , C / X / C , N , ~ / C , N , ~ ~ , N , - ~ / C , N ~ ~  $ 

3 .  [XI = -[A][B] ([XI double-precision) 
MPYAD A,B,/X/C,N,O/C,N,-l/C,N90/C9FI,2 $ 
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I .  w: PARTN (Matrix P a r t i t i o n )  

11. PURPOSE: To p a r t i t i o n  [A] i n t o  [All],  [A12], [A213 and [AZ2]: 

[A] => ----- [::: I :::I . 
111. DMAP CALLING SEQUENCE: 

PARTN A,CP,RP/All ,A21 ,A1 2,A22/VyY ,SYM/V,Y ,TYPE/VYF11/VY F 2 / V Y Y  ,F2/VyY 2 $ 

INPUT DATA BLBCKS: IV. --- 
A - Matrix t o  be p a r t i t i o n e d .  
RP - Row p a r t i t i o n i n g  vec to r  - s i n g l e  p r ec i s i on  column vec tor .  
CP - Column p a r t i t i o n i n g  vec t o r  - s i n g l e  p r ec i s i on  column vec tor .  

BUTPUT DATA BLBCKS: v. --- 
All - Upper l e f t  p a r t i t i o n  of  [A] 

A12 - Upper r i g h t  p a r t i t i o n  o f  [A] 

A21 - Lower l e f t  p a r t i t i o n  o f  [A] 

A22 - Lower r i g h t  p a r t i t i o n  of  [A] 

Notes : 
1 .  Any o r  a l l  ou tpu t  d a t a  blocks may be purged. 

2. For s i z e  of  ou tputs  s e e  METHOD s e c t i o n  below. 

VI . PARAMETERS : 
SYM - input - in teger -no  d e f a u l t .  SYM chooses between a symmetric p a r t i t i o n  and one 
unsymmetric p a r t i  t i o n .  If  SYM s 0 ,  ICP) i s  used a s  (RP). I f  SYM > 0 ,  (CPI and (RP) a r e  
d i s t i n c t .  
TYPE - input - in teger -no  d e f a u l t .  Type o f  ou tpu t  ma t r i c e s .  

F11 - input- integer-no d e f a u l t .  Form o f  [All]. 
F21 - input - in teger -no  d e f a u l t .  Form o f  [A21]. 
F12 - input- integer-no d e f a u l t .  Form o f  [A12]. 
F22 - input - in teger -no  d e f a u l t .  Form o f  [A22]. 

VII. METHOD: 
Let  NC = number o f  nonzero terms i n  ICPI. 

Let  NR = number of  nonzero terms i n  IRPI. 
Let NRgWA = number of  rows i n  [A] 

Let NCBLA = number o f  columns i n  [A] 

Case 1 (CPI purged 
[All]  i s  a (NRBWA-NR) by NCBLA mat r ix .  

[A211 is a NR by NCOLA mat r ix .  
[A121 i s  not  w r i t t e n .  
[A223 is  not  w r i t t e n .  
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CASE 2 CRP) purged and SYM > 0 

CAI?] is  a NRfllrjA by (NCBLA - NC) matrix. 

[A211 i s  not wr i t t en .  
[A121 i s  a NRgWA by NC matrix. 

[A] -+ [All I A121 

[A221 i s  not wr i t t en .  

CASE 3 {RPI purged and SYM 2 0 

[All] i s  a (NRBWA - NC) by (NCBLA - NC) matrix. 
[A211 i s  a N C  by (NCgLA - NC) matrix. [A] -+ 

[A121 i s  a (NRBWA - NC) by NC matrix. 
[A221 i s  a NC by NC matrix.  

CASE 4 nei ther  CCPI nor (RP) purged 
[A1 l ]  i s  a (NRBWA - NR) by (NCBLA - NC) matrix. 
[A211 i s  a NR by (NCBLA - NC) matrix. 
[A121 i s  a (NRBWA - NR) by NC matrix. 

[A221 i s  a NR by NC matrix.  

VIII .  REMARKS: 
1 .  I f  [A] i s  purged, PARTN wil l  cause a l l  output data blocks t o  be purged. 

2. I f  ICPI i s  purged, [A] i s  par t i t ioned as follows: 

[A] => E;]. 
3. I f  {RP) i s  purged and SYM > 0, [A] i s  par t i t ioned as follows: 

[A] => [All A121 

4. I f  IRP) i s  purged and SYM s 0, [A] i s  par t i t ioned as  follows: 

[A] => -- -- : I :::I * 

where {RP)  i s  used a s  both the row and column p a r t i t i o n e r .  
5. IRP) and CCP} cannot both be purged. 
6. 

[A] => - - - -  [::: I :::I 
Let [A] be a m by n order  matrix. 
Let CCP) be a n order  row matrix containing q zero elements. 
Let {RPI be a m order  column vector containing p zero element. 

Pa r t i t i on  [All] wi l l  cons i s t  of a l l  elements A i j  of [A] f o r  which C P j  = RPi = 0 i n  
the same order as they appear i n  [A]. 

Part i  t ion  [A121 wi l l  cons i s t  oF a l l  elements Ai  of [A] f o r  which CPjfO and R P i = O  

i n  t he  same order  as they appear in [A]. 
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Part i t ion [A213 will consist of  a i l  elements A . .  o f  1:bJ fat- which C P j  - O a r d  
! J 

RPi P O in the same orciek- as %hey appear ? n  [ A j .  

Partit ion [A223 will consist of a l l  elements A ' .  of [A] fo r  which C P .  f O and 
7 5 J 

RPi f 0 in the same order as they appear in [A]. 

IX. EXAMPLE: 

Let [A], (CP) and {RP) be defined as follows: 

Then, the DMAP instruction 
PARTN A,CP,RP/All ,A21 ,A12 ,A22 /C ,N ,1 /C ,N ,2 /C ,N ,2 /N92 /C2 /CN2 $ 
will create the matrices 
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VPI. METHOD: 
The method i s  the same as for  the MPYAD module with the following additional remarks - 
9 . None of the matrices may be diagonal 

2.  Except for  the final product, a l l  intermediate matrix products are generated -in double- 
precision. 

3. The matrices are post-mu1 t ip l ied  together from r ight- to- lef t ,  i .e. ,  the f i r s t  product 
calculated i s  the product of matrix n-1 and matrix n .  

VI I I ,  EXAMPLES: 

1. To compute [XI = [A~[BI~[c]-[F], use 

SMPYAD A , B , C , ,  , F / X / C , N , 3 / C ~ N , 1 / C , N Y - 1 / C ~ N , 2 / C , N O / C y N 1 / C N O / C N 0  $ 
T T T T  2. To compute [Z] = -[U] [V] [W] [XI [Y] ,  use 

SMPYAD U , V , W , X , Y , / Z / C , N , 5 / C ~ N ~ - 1 / C ~ N , O / C , N , 2 / C , N 1 / C y N y 1 / C N 1 / C N 1  $ 
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I .  -. NAME: SgLVE (Linear System Solver) 

IX, P U R W :  To solve the Matrix Equation 

[A][XI = +[B] 

I I I .  DMAP CALLING SEQUENCE: 

SgLVE A , B / X / V , Y  ,SYM/V,Y ,SIGM/V,Y ,PREC/V,Y STYPE $ 

V INPUT DATA 13LflCKS: 

A - square real or  complex matrix 

B - rectangular real or  complex matrix ( i f  purged, the ident i ty  matrix i s  assumed.) 

V. OUTPUT DATA BLOCKS: - - -- 
X - A rectangular matrix 

Note: A standard matrix t r a i l e r  will be written, identifying [XI as a rectangular matrix - 
with the same dimensions as [BJ a d  the type specified. 

V 1 . PARAMETERS : 

0 - use unsymmetric decomposition 

SYM - Input-integer-default = 0 '1. - use symmetric decomposition 

-1 - try symmetric decomposition, use unsymmetrric 

[ i f  any leading m-inor of [A] i s  singular 

i 4 - solve [A][X] = [B] 
SIGN - Input-integer-default = 1 - solve = -eB] 

i 7 - use single precision arithmetic 
PREC - ln~ut-integer-default  = 2 - use double precision arithmetic 

( 1 - output type of matrix [XI i s  real 

TYPE - Input-integer-default = 1 single precision 
2 - output type of matrix 1x1 i s  real 

double precision 

3 - output type of matrlx [XI i s  complex 

single precision 

4 - output type of matrix [XI i s  complex 

double precision 

V I I .  METHgD: Depending on the SYM flag and the type of [A], one o f  subroutines SDQMP, DECSMP, o r  

CDCPJMP i s  called t o  form [A] = [LJCU].  
One of FBS or GFBS i s  then called t o  solve [LJ[Y] = 4[B] and [L][X] = [Y] ,  as appropriate. 
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NAME : TRNSP (Ma t r i x  ~ranspose)  1. - 

T I .  PURPOSE: To f o r m  [ A ] '  g i ven  [A]. 

111. DMAP CALLING SEQUENCE: 

TRNSP A/X $ 

IV. INPUT DATA BLBCKS: 

A - Any m a t r i x  d a t a  b l o c k .  

Note: I f  [A]  i s  purged, TRNSP w i l l  cause [ X I  t o  be purged. 

gUTPUT DATA BLBCKS: v -  --- 
X - The m a t r i x  t ranspose o f  [A] 

Note: [ X I  cannot  be purged. 

V I .  PARAMETERS: None. 

VII. REMARKS: 

T r a n s p o s i t i o n  o f  l a r g e  f u l  l m a t r i c e s  i s  v e r y  expensive and shou ld  be avoided i f  p o s s i b l e  

(see S e c t i o n  2.1.4 o f  t h e  T h e o r e t i c a l  Manual ) .  
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5.3.2 

Module 

MATGPR 

MATPRN 

MATPRT 

PARAM 

PRTPARM 

SEEMAT 

SETVAL 

TABPT 

Basic Function 

Print Matrices with Grid Point 
Identification 

Print Matrices 

Print Matrices associated only with 
geometric grid points 

Manipulate Parameter values 

Print parameter values and DMAP 
e r ror  messages 

Generate Matrix Topology Displays 

Set parameter val ues 

Print table data blocks 

Uti l i ty  modules are an arbi t rary sub-division of the Functional Modules. 

Ut i l i ty  modules are used t o  output matrix and table  data blocks and t o  manipulate parameters. 

The data block names corresponding to the various matrix and table data blocks used in the 

Rigid Format DMAP sequences may be found in Section 3 or in  the NASTRAN mnemonic dictionary, 

Section 7. 



DMAP MODULE DESCRIPTIONS 

NAME : MATGPR (Displacement Approach Matrix Printer)  1. - 

11, PURPbSE: Prints matrices generated by the Displacement Approach. External grid point 

identification of each nonzero element i s  also printed. 

I1 I .  DMAP CALLING SEQUENCE: 

A.  For matrices generated in Rigid Formats 1-6 or  matrices generated in Rigid Formats 7-12 

pr ior  t o  module GKAD (or GKAM) : 

MATGPR GPL,USET,SIL,M//C,N,c/C,N,r $ 

B .  For matrices generated in Rigid Formats 7-12 a f t e r  module GKAD (or GKAM) : 

MATGPR GPLD,USETD,SILD,M//C ,N,c/C,N,r $ 

IV. INPUT DATA BLOCKS: 

GPL - Grid Point Lis t  

GPLD - Grid Point Lis t  (Dynamics) 

USET - U-set 

USETD - U-set (Dynamics) 

SIL - Scalar Index List 

SILD - Scalar Index List  (~ynamics) 

M - Any displacement approach matrix 

0UTPUT DATA BLbCKS: None v.  --- 

VI . PARAMETERS : 

1 c-column s i ze  (number of rows) - must be the appropriate BCD value from the table below. 

(Input, no default) 

2. r-row s i ze  (number of columns) - must be the appropriate BCD value from the table  below. 

If not specified, i t  will be assumed that  r=c. (Input, default = X which implies r=c) 

MATGPR parameter value Means matrix i s  same s ize  as 

M "m 

b Uo 

R r 

SG Us (specified on GRID card) 

S B US (specified on SPC card) 

u~ 
'a 

Uf 

Us (union o f  SG and SB) 
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Notes : 

1.  See S e c t i o n  1  f o r  a  d i s c u s s i o n  o f  s e t  n o t a t i o n .  

2. I f  t h e  va lue  s p e c i f i e d  f o r  c  i s  n o t  i n  t h e  above t a b l e ,  t h e  m a t r i x  w i l l  n o t  be 

p r i n t e d .  

3. The user  must know which s e t s  correspond t o  t h e  rows and columns o f  t h e  m a t r i x  

he wishes t o  p r i n t .  T h i s  i s  u s u a l l y  apparent  f r o m  t h e  DMAP name o f  t h e  m a t r i x  

data b lock .  

V I  I. REMARKS : 

1.  When us ing  t h e  fo rm s p e c i f i e d  i n  I I I A ,  t h i s  module may n o t  be scheduled u n t i l  a f t e r  GP4 

s i n c e  da ta  b locks  generated by GP4 a r e  r e q u i r e d  i n p u t s .  When u s i n g  t h e  form s p e c i f i e d  

i n  ILIB, t h i s  module may n o t  be scheduled u n t i l  a f t e r  DPD s i n c e  d a t a  b locks  generated by  

DPD a r e  r e q u i r e d  i n p u t s .  

2. If [MI i s  purged, no p r i n t i n g  w i l l  be done. 

3. The non-zero terms o f  t h e  m a t r i x  w i l l  be p r i n t e d  a long w i t h  t h e  e x t e r n a l  g r i d  p o i n t  and 

component i d e n t i f i c a t i o n  numbers corresponding t o  t h e  row and column p o s i t i o n  o f  each 

term. 
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1. NAME : MATPRN (General Mat r ix  P r i n t e r )  

11, 

XEI. 

7. 

MI. 

VII. 

I X .  

PURPgSE: To p r i n t  general ma t r i x  da ta  b iocks.  

DMAP CALLING 
p- 

MATPRN M1 ,M2,M3 ,M4,M5// $ 

INPUT DATA BLOCKS: --- 
Mi - Mat r i x  data blocks, any o f  which may be purged. 

BUTPUT DATA BLgCKS: None --- 

PARAMETERS: None 

BUTPUT : 

The nonzero band o f  each column o f  each i n p u t  m a t r i x  data block i s  unpacked and p r i n t e d  i n  

s i n g l e  prec is ion .  

NOTES : 

1. Any o r  a l l  i n p u t  data blocks can be purged. 

2. I f  any data block i s  n o t  m a t r i x  type, t he  TABPT r o u t i n e  w i l l  be c a l l e d .  

EXAMPLES : 

1. MATPRN KGG,,,,// $ 
2. MTPRN KGG ,PL ,PG ,BGG ,UPV// $ 
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1. - NAME: MATPRT (Mat r ix  P r i n t e r )  

X I .  PURP@SE: To p r i n t  ma t r i x  data blocks associated w i t h  g r i d  po in ts  on ly .  

I I I .  BMAP CALLING SEQUENCE: 

MATPRT X//C,N,rc/C ,N,y $ 

INPUT DATA BLgCK: I V -  - - - 
X - mat r i x  data block t o  be p r i n ted .  I f  [ X I  i s  purged, then nothing i s  done. 

V .  OUTPUT DATA BLgCKS: None --- 

V I  . PARAMETERS : 

1. r c  - ind ica tes  whether [ X I  i s  s to red by rows ( r c  = 1)  o r  by columns ( r c  = 0)  - 
( in teger ,  i n p u t )  

2. y - ind ica tes  whether [ X I  i s  t o  be p r i n t e d  even i f  purged (y < 0, do no t  p r i n t  [ X I ;  
y  r 0, p r i n t  [X I )  - in teger ,  input ,  d e f a u l t  value = -1. 

VII. METHgD: 

Each column ( o r  row) o f  the  ma t r i x  i s  broken i n t o  groups o f  6 terms (3  terms i f  complex) 
per p r i n t e d  l i n e .  I f  a l l  t he  terms i n  a  group = 0, t he  l i n e  i s  n o t  p r i n ted .  I f  the  e n t i r e  
column (o r  row) = 0, i t  i s  n o t  p r i n ted .  I f  the e n t i r e  m a t r i x  = 0, i t  i s  no t  p r in ted .  

VIII. REMARKS: 

1. MATPRT should no t  be used i f  sca la r  o r  ex t ra  po in ts  are  present. For t h i s  case, use 
MATPRN. 

2 .  Only one mat r ix  data b lock  i s  p r i n t e d  by t h i s  i n s t r u c t i o n .  The ins t ruc t l 'on  may be 
repeated as many times as required,  however. 
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I ;  - NAME: PARAM (Parameter Processor j 

I I .  PURPgSE: To per fo rm s p e c i f i e d  ar.i i;hmetic and ' I ~ g ~ c a l  o p e r a t i o n s  on 13flAP parameters. 

Ia I .  DMAP CALLING SEQUENCE: 

PARAM //C,N,op/V,N,PUT/V,F13fNl/V,N,IN2 $ 

INPUT DATA BLPCKS: None EV.  ____ ___ - 

V. OUTPUT -- DATA -- BLOCKS: None 

'$1. PARAMETERS : 

1. op i s  a BCD o p e r a t i o n  code f rom t h e  t a b l e  below ( Inpu t ,  no d e f a u l t ) .  

2. OUT i s  t h e  name o f  t h e  parameter which i s  be ing  generated by PARAM (Output) .  

3. IN9 i s  t h e  name o f  a parameter whose v a l u e  is used t o  compute DUT accord ing  t o  t h e  t a b l e  

below ( I n p u t ,  no d e f a u l t ) .  

4. IN2 i s  t h e  name o f  a parameter whose v a l u e  i s  used t o  compute 0UT accord ing  t o  t h e  

t a b l e  below ( I n p u t ,  no d e f a u l t ) .  

VI I .  REMARKS : 

1. The t a b l e  below g i v e s  t h e  r e s u l t s  f o r  !JUT as a f u n c t i o n  o f  op, IN1, and IN2. 

I A r i  thmet i  c Opera ti ons I 

2. PARAM does i t s  own SAVE; t h e r e f o r e ,  a SAVE i s  n o t  needed Fol  iu:g;ing t h e  moduls. 

VIII. EXAMPLES: 

1. PARAM //C,N,NILIT/V,N,XYZ/V5N5NP,XY2 !i - t h i s  example changes t n e  sense o f  rldrdmeter 
NOXYZ which may be u s e f u l  f o r  t h e  C@ND o r  EQUIV i n s t r u c t i o n s ,  A l t e r n a t i v e l y ,  XYZ c o u l d  
have been s e t  i n  t h e  f o l l o w i n g  way: 

2. PAR4M //C,N,MPY/V,N,XYZ/V,N,N@XYZ/C9N9-1 $ 

3. PARAM //C,N,IMPb/V,N,ABC/Y,iQ3DEF/VPN3GMI $ 

4. PARAM //C,N,NP)P/V,N,P1=5 $ - thl'r; example s e t s  t h e  va lue o f  parameter P I  t o  5 and 
saves i t  f o r  subsequent use. 



1: , NAME: PRTPARM (Parameter and DMAP Message Printer) 

11. P U P S  A.  Prints parameter values. 
B. Prints DMAP messages. 

I 11 . BelAP CALLING SEQUENCE: 
PRTPARM //C,M,a/C,N,b $ 

INPUT DATA BLgCKS: None I V .  P - - 

V .  BUTPUT DATA BLPCKS: None --- 

VI . PARAMETERS : 
a - Integer value (no default  value) 

b - BCD value (default  value = X X X X X X X X )  

VII. METHBD: 

A. As a parameter pr inter ,  use a = 0. There are two options: 

1. b = parameter name will cause the printout of the value of that  parameter. 
Example: PRTPARM //C,N,O/C,N,LUSET $ 

2. b = XXXXXXXX will cause the printout of the values of j-&J parameters in the current 
variable parameter table. Since th i s  i s  the default  value, i t  need not be 
specified . 
Example: PRTPARM / / C , N , O  $ 

B. As a DMAP message printer,  use a f 0. There are two options: - .  

1. a > 0 causes the printout of the jth message of category b where j=lal  and b i s  one 
o f  the values shown below. (The number of messages available in  each category i s  
also given.) 
Example: PRTPARN / / C , N  ,l/C,N ,DMAP $ 

2. a < 0 causes the same action as a > 0 with the additional action of program termina- 
tion. Thus, PRTPARM may be used as a fatal  message printer.  

Example: PRTPARM //C,N,-2/C,N,PLA $ 

V I  I I . REMARKS : 
1. b i s  always a value. 
2. Meaningless values of a and b will resul t  in diagnostic messages from PRTPARM. 
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3. TABLE OF b CATEGORY VALUES 

4. For de ta i l s  on error  messages for  the i th  Rigid Format see section 3 . ( i  + 1 ) . 2  in the 
User's Manual . 

5. The message number, a ,  may be any integer fo r  DMAP messages. 
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IV. 

NAME: SEEMAP (Pictor ia l  Matrix Pr in te r )  

PURPOSE: Shows nonzero matrix elements on p r in te r  or  p lo t t e r  output positioned p ic to r ia l ly  

by row and column within the out l ines  of the matrix. 

DMAP CALLING SEQUENCE: -- 
SEEMAT MI , M Z , M ~ , M ~ , M S / / C , N , { ~ )  /V,N,PFILE/V,N,PACK/C,N,plotter/ 

C,N,modelnl/C,N ,model bl/C,N,modeln2/C,N,modelb2 $ 

INPUT DATA BLOCKS: --- 
Matrix Data Blocks, any of which may be purged. 

OUTPUT DATA BLOCKS: None --- 

PARAMETERS : 

1. PRINT implies use of the system output f i l e .  (Any value other than PLOT implies 
PRINT. ) 

PLOT imp1 ies  use of one of the p lo t t e r s .  Either of the p lo t t e r  tapes PLTl or  PLT2 w i  11 
be used, depending on the type of p l o t t e r  requested (see Section 4.1). 

The default  value f o r  the f i r s t  parameter i s  PRINT. 

2 .  PFILE i s  the Plot File Number. (Used only i f  f i r s t  parameter i s  PLOT.) 

Input/output variable in teger  parameter. Frame or  sheet number. The value of t h i s  
parameter will be incremented by one (1) fo r  each frame (sheet)  plotted by SEEMAT. 

The default  value f o r  the second parameter i s  0. 

3. PACK i s  reserved f o r  a future modification tha t  will allow the representation of a 
nonzero block of the matrix with a s ingle  character. This parameter may be specif ied 
as C,N only. 

4. P lo t t e r  Name - I f  the f i r s t  parameter = PLOT, one of the p l o t t e r  names must be selected 
from the following l i s t .  Additional information on p lo t t e r s  and the meaning of the 
symbols used below i s  given in Section 4.1. The associated model i d e n t i f i e r s  are  
specif ied with the next four parameters. Each p lo t t e r  has a default  model associated 
with i t ,  as indicated by the underlined model iden t i f i e r .  
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5. The parameter modelnl i s  used to  specify the f i r s t  of the two model ident if iers  when i t  

i s  an integer value. 

6. The parameter modelbl i s  used to  specify the f i r s t  of the two model ident if iers  when i t  

i s  a BCD value. 

7. The parameter modeln2 i s  used to specify the second of the two model ident if iers  when 

i t  i s  an integer value. 

8. The parameter modelb2 i s  used to specify the second of the two model ident if iers  when 

i t  i s  a BCD value. 
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VII. METWgD: The matrix i s  parti t ioned into  blocks which can be printed on a s ingle  sheet of 

output paper o r  frame on the p l o t t e r  se lected.  Only blocks containing nonzero elements 

will  be output. Row and column indices are  indicated. The user of t h i s  module i s  

cautioned t o  make sure his  l i n e  count l i m i t  i s  large enough. A defaul t  of 20,000 l ines  i s  

provided by NASTRAN. This may be changed via the statement MAXLINES= value in the NASTRAN 

Case Control Deck. The transpose of the matrix i s  output. 

VIII. REMARKS : 

1. I f  a p l o t t e r  i s  used, the appropriate tape must be made available t o  NASTRAN. 

2. If  a p l o t t e r  i s  used, a SAVE instruction should be executed t o  update PF1I.E. 

3. The nonzero elements are  indicated by as te r i sks  (*), except fo r  diagonal elements of 
square matrices which are indicated by the l e t t e r  D ,  and elements in the l a s t  row or  
column which are  indicated by do l l a r  signs ($). 

4. The defaul t  model f o r  any p l o t t e r  i s  specif ied by omitting the l a s t  four parameters. 

5. When two of the l a s t  four parameters are  used t o  specify model i d e n t i f i e r s ,  the 
remaining two parameters should be specif ied as C,N only. 

IX. EXAMPLES : 

1. Specify CALCPMP 765,205 as follows : 

SEEMAT M1 ,M2 ,M3,M4,M5//C,NaPLfJT/V,N,PFILE/C,N/C,N,CALCMP $ 

2 .  Specify EAI 3500,45 as follows : 

3. Specify Benson Lehner STE,30 as follows: 

SEEMAT M1 ,M2,M3,M4,M5//C,N,PL~T/V,NyPFILE/C,N/C,N,BL/CyN/CNySTE/C,,3O/CyN $ 

4. Specify the p r in te r  ra ther  than a p l o t t e r  as follows: 

SEEMAT M1 ,M2 ,M3 ,M4 ,M5// $ 

5. For additional examples see Section 5.4.8. 
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I .  -- NAME: - SETVAL ( S e t  Values) 

11. P U R E :  Set DF;AP Parameter va r i ab le  values equal t o  o ther  DMAP Parameter var iab les  o r  

DMAP Parameter constants. 

111. DMAP CALLING SEQUENCE: 

SFTVAL /:V ,N,XI/V ,N9A1/V,N,X2/V,N,A2/V J N 9 X 3 / V , M A / N X / V , N , A 4 / V 3 N , X 5 / V , N y A  $ 

INPUT DATA BLgCKS: None I V .  - 

V. P)UTPUT DATA BLgCKS: None --- 

V I  . PARAMETERS: 

X I ,  X2, X3, X4, X5 Output, in tegers ,  var iab les  

A1 , A2, A.3 A4, A5 Input ,  in tegers ;  d e f a u l t  values = 1, var iab les  o r  constants. 

V I I .  METHflD: Th is  module sets X I  = A1 , X2 = A2, X3 = A3, X4 = A4, and X5 = A5. Only two para- 

meters need be spec i f i ed  i n  the c a l l i n g  sequence (XI  and A l ) .  

V I  I I .  REMARKS : 

1. A SAVE i n s t r u c t i o n  must immediately follow the SETVAL i n s t r u c t i o n  i f  the output  para- 
meter values are t o  be subsequently used. 

2 .  See PARAM fo r  an a l t e rna te  method o f  d e f i n i n g  parameter values . 
3. As an exa~nplc, the staateaents 

SETV.4L //V,N ,Xl/V,N,Al/V,N ,X2/C,N,3 $ 

SAVE X I  ,X2 '$ 

a re  equ iva lent  t o  the statements 

PARM //G,N,ADD/V,N,Xl/V,N,Al/C,N,O $ 
PARAM //C,N ,NQP/V,N ,XX=3 $ 
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1, NAME: TABPT (Table Printer) 

11. PURPfEE: To p r i n t  t a b l e  data b locks  (may be used for ~ 1 a t r - l ~  data  b l a c k s  if d e s i r e d )  

111. DMAP CALLING SEQUENCE: 

TABPT TAB1 ,TAB2 ,TAB3,TAB4 ,TABS// $ 

INPUT DATA BLgCKS: IV. ----____ 

Any NASTRAN d a b  b l a c k  . 

Note: Any o r  a l l  input. da t a  b locks  can be purged. 

V. PUTPUT DATA BLPCKS: None --- 

V I .  PAPAMETEE: None 

V I I .  REWRKS: 

1. Each i n p u t  da ta  block i s  t r ea t ed  as a  t a b l e  and i t s  con ten ts  a r e  p r i n t e d  on the 

system o u t p u t  f i l e  v i a  a presci.-ibed fo rmat .  Each word o f  the  t a b l e  i s  i d e n t i f i e d  b y  

t h e  module as t o  type ( r e a l ,  BCD, i n t e g e r )  and an a p p r o p r i a t e  f o r m a t  i s  used. 

2 .  The t r a i l e r  d a t a  f o r  t h e  t a b l e  i s  a l s o  p r i n t e d ,  

3. Purged i npu t  data blocks a r e  n o t  p r i n t e d .  

V I  I I .  EXAMPLES : 

T A W  GEPMl,, , ,// $ 
TABPT GEflM1 ,GE@M2 ,GE@M3 ,GEBMla >GE@M5// $ 
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5 , 3 . 3  &r Modules 

DDR 

DUMMODl 

DUMOD2 

DUMMOD3 

DUMMg04 

INPUT 

INPUTTl 

INPUTT2 

INPUTT3 

INPUTT4 

Module 

MBDW 

MBDB 

MBBC 

OUTPUT 

BUT PUT1 

gUTPUT2 

OUTPUTS 

OUTPUT4 

XYPRNPLT 

A number of modules have been placed in the MASINN system fo r  which no actual code e x i s t s .  

These modules are available t~ the user who w'ishes t o  create his own data blocks by reading tapes 

or  data cards, generate his own output  on the printer, punch or plot ter ,  o r  perform hfs own 

matrix computations. The appropriate MPL infomation i s  presented for  each such user module in 

th i s  section. 819 necessary interfaces w i t h  the Executive System have been completed f o r  these 

user modules. The procedures for  implementing a user module are f u l l y  described in Section 2 

of the Programmer's Manual. 
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NAME: DDR (User Dummy Module) 1, - 

11. PURPP,SE: Can be used f o r  any desired purpose. 

111. DMAP CALLING SEQUENCE: (see REMARKS below) 

DDR A,B,C,D,E,F,G,H,I ,J ,K,L,M/X,Y ,Z/C3N9ABC/C,NDEF/CN,GHI/CN,0/C,N,0/C,N,0/CN,0 $ 

I V .  INPUT DATA BLgCKS: As desired by author o f  module. 

BUTPUT DATA BLBCKS: As des i red  by author o f  module. ". --- 

V I .  PARAMETERS: Parameters may be used as desired by the  author o f  the  module. The parameter 

types are i nd i ca ted  by the  constants shown i n  the c a l l i n g  sequence shown above. 

V I I .  REMARKS: 

This module has been provided fo r  the user o f  NASTRAN who may wish t o  inc lude a module o f  

h i s  own design i n t o  the system. The number o f  inputs  and outputs,  as w e l l  as t he  number, 

type, and d e f a u l t  values o f  the  parameters, may be changed by changing the  Module Proper- 

t i e s  L i s t  (MPL) i n  Block Data Program XMPLBD (see Sect ion 2 o f  Programmer's Manual). 
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I. - NAME: DUMMgDI (Dummy Module - 1) 

11. PURPOSE: Can be used f o r  any des i red  purpose. 

I I I. DMAP CALLING SEQUENCE : (see REMARKS) 

DlRilMQDl 11,12,13,14,15,I6,17,I8/ 

PI1 ,@2,03,04,t'5,06 ,0s,88/ 
C ,N , - l /V ,Y  ,P2=-1/V,N ,P3=-1/C,Y,P4=-I/ 

C,Y,P5=-1 .O/C,N,-1 .O/ 

C,Y ,P7=ABCDEFGH/ 

C,Y,P8=-1 .ODO/ 

C,Y ,P9=(-1 .o,-1 .O)/ 

C,Y,P10=(-1 .0D0,-1 .ODO) $ 

I V .  INPUT DATA BLPICKS: As desired by author o f  module. --- 

V. OUTPUT DATA BLOCKS: As des i red  by author o f  module. --- 

VI. PARAMETERS: Parameters may be used as des i red  by the author o f  the module. The parameter 

types are i nd i ca ted  by the d e f a u l t  values shown i n  the c a l l i n g  sequence above. 

V I I .  REMARKS: This module has been provided f o r  the  user o f  NASTRAN who may wish t o  inc lude a 

module o f  h i s  own design i n t o  the system. The number o f  i npu ts  and outputs as w e l l  as t he  

number, type, and d e f a u l t  values o f  parameters may be changed by changing the Module Prop- 

e r t i e s  L i s t  (MPL) i n  Block Data Program XMPLBD (see Sect ion 2 o f  Programmer's Manual). 
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I .  - NAME: DUMMgD2 (Dummy Module - 2 )  

11. PURPflSE: Can be used for any desired purpose. 

111. -- DMAP CALLING SEQUENCE: (see REMARKS) 

DUMM(JD2 11,12,13,14,15,16,17,18/ 

fll,(J2 ,03,64 ,@5,06 4 7  ,P8/ 
C,N,-l/V,Y ,P2=-l/V,N,P3=-1/C,Y ,P4=-1/ 

C,Y,P5=-1 .O/C,N,-1 .O/ 

C,Y ,P7=ABCDEFGH/ 

C ,Y , P8=-l .ODO/ 
C,Y,P9=(-1 .O,-1 .O)/ 

C,Y,P10=(-1 .ODO,-1 .ODD) $ 

INPUT DATA BLgCKS: As desired by author of module. IV. - - P 

V .  (JUTPUT DATA BLgCKS: As desired by author of module. --- 

VI . PARAMETERS: Parameters may be used as desired by the author of the module. The parameter 

types are indicated by the default values shown in the calling sequence above. 

VII. REMARKS: This module has been provided for  the user of NASTRAN who may wish to include a 

module of his own design into the system. The number of inputs and outputs as well as the 

number, type, and default values of parameters may be changed by changing the Module 

Properties List  (MPL) in Block Data Program XMPLBD (see Section 2 of Programmer's Manual). 
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11. R E :  Can be used f o r  any desired purpose. 

111. -- DMAP CALLING SEQUENCE: (see REMARKS) 

DUMMOD3 I1,12,I3,14,15,I6,17,I8/ 

01 $02 ,PI3 3O4 ,PI5,06 3O7 >08/ 
C,N,-l/V,Y ,P2=-1/V,N,P3=-l/C,Y,P4=-1/ 

C,Y,P5=-1 .O/C,N,-1 .O/ 

C,Y ,P7=ABCDEFGtt/ 

C ,Y ,P8=-1 .OD01 

C,Y,P9=(-1 .o,-1 .O)/ 

C,Y ,PIO=(-1 ,ODO,-I .ODO) $ 

INPW DATA BLOCKS: As desired by author o f  module. I V -  - - - 

PlUTPUT DATA BLPICKS: As desired by author o f  module. v. --- 

V I .  PARAMETERS: Parameters may be used as des i red  by the author o f  the module. The parameter 
types are i nd i ca ted  by the d e f a u l t  values shown i n  t he  c a l l i n g  sequence above. 

V I  I. REMARKS : This module has been provided f o r  the user o f  NASTRAN who may wish t o  inc lude a 

module o f  h i s  own design i n t o  the system. The number o f  inputs  and outputs as we l l  as the  

number, type, and d e f a u l t  values o f  parameters may be changed by changing the  Module Prop- 

e r t i e s  L i s t  (MPL) i n  Block Data Program XMPLBD (see Sect ion 2 o f  Programmer's Manual ). 
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I .  : DUMMBD4 ( D ~ m y  Module - 4) 

11, PURPgSE: Can be used for any desired purpose. 

I I I .  DMAP CALLING SEQUENCE : (see REMARKS) 

DUMMgD4 11,12,I3,14,15,16,I9,Ia/ 

fll ,935B4 s P 5  3Ps ,P7,P8/ 
C,N,-l/V,Y ,P%=-l/:1,N9P3=-j/"C,Y $P4=-I/ 

C,Y,P5=-! .O/C,N,-I ,O/  

C , Y  ,Pi=ABCDEFGH/ 

C ,Y ,P8=-1 ,ODO/ 

C,Y,P9=(-1 *a,-I .O)/ 

C , Y , P I O = ( - I  .OLIO,-I , O D O )  $ 

INPUT DATA DLgCKS: A5 des'i red by author of module. I"= ---- 

V.  BUTPUT DATA BLPCKS: As desired by author of module. --- 

V I .  PARAMETERS: Pd;orneters may be used as desired by the author of the module. The parameter 

types are indicated by thz deftavtt values skiawn In the cal lfng seqisenee above. 

'!PI. P.Er4ARKS: Thls i n ~ d ~ l e  has been prnv5ded for the us.ar o f  NASPWN who may wish to jncluda e 
module of h i s  own design luim the system, The number o f  inputs  and outputs as we91 as the 

number, type, and default values s f  parameters tv~y be changed by changing the Module P r ~ p -  

ert jes L i s t  (MPL) -in Bloch Data Pvogran: Xb!PLBB (see Section 2 of Prcrqrames"~ Manual 1. 
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1 NAXk -- -- : ai iPUi  (Auxi 1 i ary Input F?'7 e Processor) 

19. PURFDSE: A user-writttn trrodrrlc to  generate datd b l o c k ( ~ )  and parameter(~)  bdsed on input 
dats read by t he  module itself', or  on pardriieter values c r  Input Data Blc~cks generated by 

KASVRAN, or bv any combination o f  these. 

111. DMAP CALLING SEQUEKE : 

INPUT I1 ,12,13,14,I5/B1 ,02,f133B40815/C,N,a/C,N,b/CNc $ 

IV. INPUT DATA BLflCKS: Any or a4 9 of the inputs may be purged according to the user-wri t e r l s  
design. 

V. OUTPUT DATA BLPCKS: May be tables or  matrices dependlrig on the user-writer's design; may 

or may rnct be purged, 

V P .  PARAMETERS: May be used as desired by zhe user-wri t e r .  Type i s  integer with default  

values of a--9, b=O, c=O, I f  parameter i s  t o  he output fror11 module, the form C,N,-  must 
be changed in the  above example t o  V,N,NdF!E o r  some other f o r m  capable  of  being output. 

VII, REMARKS: This module has been provided for  the NASSTRAN user who f*s 'shes t e  process his own 
data cards. Data b l o c k ( ~ )  created must be compatible with any subseqrient module(~) using 
them as input. The number of input and output data b lacks ,  as wei9 as the  number, type and 
default  values of the parameters, )nay be changed by changing the iilodule Properties L i s t  

(MPL) i n  W'lack Data Prograni XMPLBE' (see Section ? o f  Programmer's Planual). 
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1. NAME: INPUTTI (Auxi 1 iary  Input F i l e  Processor) 

XI, PURPOSE: A user-written module t o  generate data bloc&(s) and parameter(s1 based on input 
data read by the module i t s e l f ,  o r  on parameter ~a'iires or Snpitt. Data Blocks generated by 

NASTRAN, or  by any combination of these. 

111. DMAP CALLING SEQUENCE: 
INPUTTI I1 ,I2,13,I4,I5/~1 ,~2,~3,p4,~5/C3Nya/C,N 3b/CyNac $ 

IV. INPUT DATA BLbCKS: Any o r  a l l  of the inputs may be purged according t o  the user-writer 's 

design. 

V .  --- @UPPUT DATA BLPCKS: May be tables or  matrices depending on the user-writer 's design; may 
or  may not be purged. 

VI . PARAMETERS: May be used as desired by the user-wri t e r .  Type i s  4 n t e g e ~  v i  t h  default  

values of a=-1 , b=O, c=O. If parameter i s  t o  be output from module, the form C,N,- must 

be changed in the above example t o  V,M,NAME or  some other form capable of being output. 

VII. REMARKS: This module has been provided for  the NASTRAN user who wl'shes t o  process his 9wn 

data caras. Data block(s) created must be compatible with any subsequent module(s) using 

them as input. The number of input and output data blocks, as well as the number, type and 

default values of the parameters, may be changed by changing the Module Properties Lis t  
(MPL) in Block Data Program XMPLBD (See Section 2 of Programmer's Manual). 



DIRECT MATRIX ABSTRACTION 

I .  NAME: INPUTT2 (Auxi 1 iary Input File Processor) 

11. PURPBSE: A user-written module to  generate data block(s) and parameter(s) based on input 

data read by the module i t s e l f j  or on parameter values o r  Input Data Blocks generated by 

NASTRAN, o r  by any combination of these. 

111. DMAP CALLING SEQUENCE: 

INPUTT2 11,12,I3,I4,I5/~1 s~2,~39~4sp5/C,N,a/C,N,b/CN,c $ 

IV. INPUT DATA BLOCKS: Any o r  a l l  of the inputs may be purged according t o  the user-writer 's 

design. 

V .  --- DUTPUT DATA BLBCKS: May be tables or  matrices depending on the user-writer's design; may 
o r  may not be purged. 

VI. PARAMETERS: May be used as desired by the user-writer. Type i s  integer with default  

values of a=-1 , b=O, c=O. I f  parameter i s  t o  be output from module, the form C,N,- must 
be changed in the above example t o  V,N,NAME o r  some other form capable of being output. 

VII. REMARKS: This module has been provided f o r  the NASTRAN user who wishes to  process his own 

data cards. Data block(s) created must be compatible with any subsequent module(s) using 
them as input. The number of input and output data blocks, as well as the number, type and 

default  values of the parameters, may be changed by changing the Module Properties Lis t  

(MPL) i n  Block Data Program XMPLBD (See Section 2 of Programmer's Manual). 



DMAP MODULE DESCRIPTIONS 

I .  - NAME: PNPUTT3 (Auxi 1 iary Input File Processor) 

11. PURSE: A user-written module t o  generab data bblock(s) and parameter(s) based on input 

data read by the module i t s e l f ,  or  on parameter values or  Input Data Blocks generated by 

NASTRAN, o r  by any combination of these. 

111. DMAP CALLING SEQUENCE: 
INPUTT3 11,12,13,14,15/01 ,02,03304,05/C,N,a/C,N,b/C,N,c $ 

IV. INPUT DATA BLPCKS: Any o r  a1 1 of the inputs may be purged according t o  the user-wri t e r ' s  

design. 

V .  --- OUTPUT DATA BLPCKS: May be tables o r  matrices depending on the user-wri t e r l s  design; may 

o r  may not be purged. 

VI PARAMETERS: May be used as desired by the user-writer. Type i s  integer with default  

values of a=-1 , b=O, c=O. I f  parameter i s  to  be output from module, the form C,N,- must 

be changed in the above example to  V , N , N A M E  o r  some other form capable of being output. 

VII .  REMARKS: This module has been provided fo r  the NASTRAN user who wishes t o  process his own 

data cards. Data block(s) created must be compatible with any subsequent module(s) using 

them as input. The number of input and output data blocks, as we17 as the number, type and 

default  values of the parameters, may be changed by changing the Module Properties Lis t  

(MPL) in Block Data Program XMPLBD (See Section 2 of Programner's Manual). 
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1.  NAME: INPUTT4 (Auxi 1 iary InputFFi l e  Processor) 

11. PURPOSE: A user-written module to  generate data block(s) and parameter(s) based on input 

data read by the module i t s e l f ,  or  on parameter values o r  Input Data Blocks generated by 

NASTRAN, or  by any combination of these. 

111. DMAP CALLING SEQUENCE: 

INPUTT4 11,12,13,14,I5/~1 ,O2,O3,(i?4,~5/CYN,a/C,N,b/CN,c $ 

IV. INPUT DATA BLOCKS: Any o r  a l l  of the inputs may be purged according to the user-writer 's 

design. 

V .  OUTPUT DATA BLOCKS: May be tables or matrices depending on the user-wri t e r ' s  design; may --- 
or may not be purged. 

VI. PARAMETERS: May be used as desired by the user-writer. Type i s  integer with default  

values of a=-1 , b=O, c=O. If parameter i s  to  be output from module, the form C,N,- must 
be changed i n  the above example to  V , N , N A M E  or  some other form capable of being output. 

VII. REMARKS: This module has been provided for  the NASTRAN user who wishes to  process his own 

data cards. Data block(s) created must be compatible with any subsequent module(s) using 

them as input. The number of input and output data blocks, as well as the number, type and 

default  values of the parameters, may be changed by changing the Module Properties Lis t  

(MPL) in Block Data Program XMPLBD (See Section 2 of Programmer's Manual). 



MAP WDULE DESCRIPTIONS 

1. 

I I .  

111. 

PV. 

v. 

VI. 

VII. 

NAME: MPDA (User Dummy Module) 
P 

PURPBSE: Can be used f o r  any desired purpose. 

DMAP CALLING SEQUENCE : (See REMARKS below) -- 
MODA /W,X,Y,Z/C,N,O.O/C,N,O.O/C,N,O.O/C,N,O.O/CaN,O.O/C,NaO/C,N,O/C,N,O/CaN,O/C,N,O/ 

C,N,O.O/C,N,O/C,N,O $ 

INPUT DATA BLflCKS: None 

BUTPUT DATA BLPCKS: As desired by author o f  module, --- 
PARAMETERS: Parameters may be used as desired by the  author o f  the  module. The parameter 

types are i nd i ca ted  by the constants shown i n  t h e  c a l l i n g  sequence shown above. 

REMARKS: This module has been provided f o r  the  user o f  NASTRAN who may wish t o  inc lude a 

module o f  h i s  own design i n t o  the system. The number o f  inputs  and outputs as we l l  as the  

number, type, and d e f a u l t  values o f  t he  parameters may be changed by changing the Module 

Propert ies L i s t  (MPL) i n  Block Data Program XMPLBD (see Sect ion 2 o f  Programner's Manual ) .  
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I .  NAME: ME)DB (User  Dummy Module) 

11. PURPgSE: Can be used f o r  any desired purpose. 

111. DMAP CALLING SEQUENCE: (See REMARKS below) 

MgDB AyB,C/W~XyY,Z/CyN,l .O/CyNyl 10/CyNyl  .0/C,N31 ~ O / C s N y O / C s N ~ O / C y N y O / C y N n l  - 0 1  
C,N,O/CyN,O/C,N,O $ 

I V .  INPUT DATA BLgCKS: As desired by author o f  module. 

V. --- gUTPUT DATA BL0CKS: As desired by author o f  module. 

V I .  PARAMETERS: Parameters may be used as desired by the  author o f  the  module. The parameter 

types are  i nd i ca ted  by the  constants shown i n  t he  c a l l i n g  sequence shown above. 

V I I .  REMARKS: 

This module has been provided f o r  the  user o f  NASTRAN who may wish t o  inc lude a module o f  

h i s  own design i n t o  t he  system. The number o f  i npu ts  and outputs as w e l l  as the  number, 

type, and d e f a u l t  values o f  the parameters may be changed by changing the  Module Prop- 

e r t i e s  L i s t  (MPL) i n  Block Data Program XMPLBD (see Sect ion 2 o f  Programmer's Manual ). 



DMAP MODULE DESCRIPTIONS 

I .  - NAME: M0DC (User Dummy Module) 

I $ .  PURPBSE: Can be used for  any desired purpose. 

111. DWP CALLING : (See REMARKS below) 
M0DC A,B//C,N,-1 $ 

IV. INPUT DATA BLgCKS: As desired by author of module. 

V.  PUTPUT DATA BLWKS: None --- 

VI. PARAMETERS: Parameters may be used as desired by the author of the module. The parameter 

types are  indicated by the constants shown in  the calling sequence shown above. 

VI I .  REMARKS : 
This module has been provided for  the user of NASTRAN who may wish to  include a module of 
his own design into the system. The number of inputs and outputs as well as the number, 

type, and default  values of the parameters may be changed by changing the Module Prop- 
e r t i e s  Lis t  (MPL) in  Block Data Program XMPLBD (see Section 2 of Programer's Manual ) .  
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I .  E: OUTPUT (Ruxi l i a r y  Output F i l e  Processor) 

11. PURPflSE: A use r -wr i t t en  module t o  generate p r i n t e r ,  p l o t t e r  o r  punch output  

111. DMAP CALLING SEQUENCE: (see remark under METHOD) 

OUTPUT IN//C,Y,P=-1 $ 

INPUT DATA BLPCKS: I V .  - - - 
IN - Contains any des i red  in format ion  which the  module ex t rac t s  and w r i t e s  on the system 

output  f i l e ,  punch, o r  e i t h e r  o f  the two p l o t t e r s .  May be purged. 

PUTPUT DATA BLPICKS: None v .  --- 

V I .  PARAMETERS: Parameters may be used as desired by the author o f  the module. Type i s  i n t e g e r  

w i t h  MPL de fau l t  value o f  -1 as shown above. 

V I I .  METHflD: This module has been provided f o r  the user o f  NASTRAN who may wish t o  process h i s  

own output .  The number o f  inputs  as w e l l  as the number, type, and d e f a u l t  values of 

parameters may be changed by changing the  Module Proper t ies  L i s t  (MPL) i n  Block Data 

Program XMPLBD (see Sect ion 2 o f  Programer 's  Manual). 



MAP MODULE DESCRIPTIONS 

I. - NAME: ~ ~ U T P U T ~  (Auxi 1 i a r y  Output F i  1 e Processor) 

II. PURPflSE: A user-wr i  t t e n  module t o  generate p r i n t e r ,  p l o t t e r  o r  punch output .  

III. DMAP CALLING SEQUENCE: (see remark under METHflD) 

0UTPUT1 IN1 ,IN2,IN3,IN4,IN5//C,Y,Pl=-l/C,Y , P 2 4  $ 

INPUT DATA BL0CKS: I V .  --- 
I N i  - Contains any des i red  i n f o m a t i o n  which the  module ex t rac t s  and w r i t e s  on the  system 

output  f i l e ,  punch, o r  e i t h e r  o f  the two p l o t t e r s .  May be purged. 

V. OUTPUT DATA BLOCKS : None --- 

V I .  PARAMETERS: Parameters may be used as des i red  by the author o f  the  module. Type i s  

i n tege r  w i t h  MPL d e f a u l t  value o f  -1 as shown above. 

V I I .  METHOD: This module has been provided f o r  t he  user o f  NASTRAN who may wish t o  process h i s  

own output .  The number of i n ~ u t s  as y e l l  as the  nlrmber- tvnn. and d e f a u l t  values o f  

paramerers may be changea ~y cnanglng the  Module Propert ies L i s t  (MPL) i n  Block Data 

Program XMPLBD (see Sect ion 2 o f  Programer 's  Manual ). 
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I .  NAME: ~ ~ U T P U T ~  ( A u x i l i a r y  Output F i  Is! Processor) 

11. PURPPSE: A use r -wr i t t en  module t o  generate p r i n t e r ,  p l o t t e r  o r  punch output .  

111. DMAP CALLING SEQUENCE: (see remark under METHDD) 

PUTPUT2 IN1, IN2,IN3,IN4,IN5//C,Y ,Pl=-1/C3Y ,P2=-1 $ 

INPUT DATA BLgCKS: - - - 
I N i  - Contains any des i red  in format ion  which the  module ex t rac t s  and wr i t es  on the  system 

output  f i l e ,  punch, o r  e i t h e r  o f  the two p l o t t e r s .  May be purged, 

V. PUTPUT DATA BLPCKS: None --- 

V I .  PARAMETERS: Parameters may be used as desired by the author o f  the module. Type i s  

i n tege r  w i t h  MPL d e f a u l t  value o f  -1 as shown above. 

VII. METHgD: This module has been provided f o r  the  user o f  NASTRAN who may wish t o  process h i s  

own output .  The number o f  inputs  as we l l  as the  number, type, and d e f a u l t  values o f  

parameters may be changed by changing the Module Proper t ies  L i s t  (MPL) i n  Block Data 

Program XMPLBD (see Sect ion 2 o f  Programner's Manual ), 
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I .  --- NAME: , ~ U T P U T ~  (Auxi 1 iary Output File Processor) 

I I .  PURPOSE: A user-written module to generate pr inter ,  plot ter  or  punch output. 

111. DMAP CALLING SEQUENCE: (see remark under METHOD) 
OUTPUT3 IN1 ,IN2,1N3,IN4,IN5//V,N,PS=-1/V,N,P2=-1 $ 

INPUT DATA BLOCKS: I V .  - - - 
INi - Contains any desired information which the module extracts and writes on the system 
output f i l e ,  punch, or  e i ther  of the two plot ters .  May be purged. 

V.  OUTPUT DATA BLOCKS: None --- 

V I .  PARAMETERS: Parameters may be used as desired by the author of the module. Type i s  
integer with MPL default value of -1 as shown above. 

VII. METHOD: This module has been provided for  the user of NASTRAN who may wish to  process his 

own output. The number of inputs as we19 as the number, type, and default values of 

parameters may be changed by changing the Module Properties Lis t  (MPL) in Block Data 
Program XMPLBD (see Section 2 of Programmer's Manual ) .  
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I. E: PUTPUT4 ( A u x i l i a r y  Output F i l e  Processor) 

11. PURPOSE: A use r -wr i t t en  module t o  generate p r i n t e r ,  p l o t t e r  o r  punch output. 

111. DMAP CALLING SEQUENCE: (see remark under METHOD) 

OUTPUT4 IN1,IN2,IN3,IN4,IN5//V,N,P1=-1/V,N,P2=-1 $ 

I V .  INPUT DATA BLOCKS: 

I N i  - Contains any desired in format ion which the  module ex t rac ts  and wr i t es  on the system 

output  f i l e ,  punch, o r  e i t h e r  o f  the two p l o t t e r s .  May be purged. 

V. OUTPUT DATA BLOCKS:   one --- 

V I .  PARAMETERS: Parameters may be used as desired by the  author o f  the  module. Type i s  

i n tege r  w i t h  MPL d e f a u l t  value o f  -1 as shown above. 

V I I .  METHOD: This module has been provided f o r  the  user of. NASTRAN who may wish t o  process h i s  

own output. The number o f  inputs as we1 1 as the number, type, and defau l t  values o f  

parqmeters may be changed by changing the Module Proper t ies  L i s t  (MPL) i n  Block Data 

Program XMPLBD (see Sect ion 2 o f  Programmer's Manual). 
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1. 

11. 

111. 

I V .  

V. 

V I .  

V I I .  

NAME: XYPRNPLT (User Dummy Module) 

PURPgSE: Can be used f o r  any des i red  purpose. 

DMAP CALLING SEQUENCE: (see REMARKS below) -- 
XYPRNPLT A// $ 

INPUT DATA BL0CKS: As desired by the  author o f  module. --- 

0UTPUT DATA BLOCKS: None --- 
PARAMETERS : None 

REMARKS : 

This module has been provided f o r  the  user o f  NASTRAN who may wish t o  inc lude a module o f  

h i s  own design i n t o  the  system. The number o f  inputs  and outputs as w e l l  as t he  number, 

type, and d e f a u l t  values o f  the  parameters may be changed by changing the Module Prop- 

e r t i e s  L i s t  (MPL) i n  Block Data Program XMPLBD (see Sect ion o f  Programmer's Manual). 
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5.3.4 Execu t i ve  Opera t ion  Modules 

Module 

BEGIN 

CHKPNT 

C@ND 

END 

EQUIV 

EXIT 

FILE 

Basic  Func t ion  

Always f i r s t  i n  DMAP 

W r i t e  d a t a  b locks  on checkpo in t  t a p e  
i f  checkpo in t ing  

C o n d i t i o n a l  f o r w a r d  jump 

Always I a s t  i n  DMAP; te rm ina tes  
DMAP execu t ion  

Ass ign ano ther  name t o  a d a t a  b l o c k  

C o n d i t i o n a l  DMAP t e r m i n a t i o n  

Defines s p e c i a l  d a t a  b l o c k  char -  
a c t e r i s t i  cs t o  DMAP c o m p i l e r  

JUMP Uncond i t iona l  f o r w a r d  jump 

LABEL Def ines DMAP I o c a t i o n  

PURGE C o n d i t i o n a l  da ta  b l o c k  e l i m i n a t i o n  

REPT Repeat a s e r i e s  o f  DMAP i n s t r u c t i o n s  

SAVE Save v a l u e  o f  o u t p u t  parameter  

A l l  modules c l a s s i f i e d  as Execu t i ve  Opera t ion  Modules a r e  i n d i v i d u a l l y  descr ibed  i n  t h i s  

s e c t i o n .  A d d i t i o n a l  d i scuss ions  concern ing t h e  i n t e r a c t i o n  o f  t h e  Execu t i ve  Modules w i t h  them- 

se lves  and w i t h  t h e  NASTRAN Execu t i ve  System a r e  con ta ined  i n  S e c t i o n  5.2.3. 
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I .  E: BEGIN (Begin DMAP program) 

11. PURPgSE: BEG114 Is a declaratf ve BMAF fnstri iciion which deiloies the beginning of a DMAP 

program. 

I I I .  DMAP CALLING SEQUENCE : 

BEGIN $ 

IV. REMARKS: 

1 .  The BEGIN card i s  required when selecting APP DMAP in  the Executive Control Deck and 

must be followed by DMAP instructions up t o  and including the END card. 

2. BEGIN i s  a non-executable DMAP instruction which i s  used only by the DMAP compiler f o r  

information purposes. 



DIRECT MATRIX ABSTRACTION 

I .  w: CHKPNT (Checkpoint) 

11. PURPOSE: Causes data blocks to  be written on the New Problem Tape (NPTP) to enabie the 

problem to be restarted with a minimum of redundant processing. 

111. DMAP CALLING SEQUENCE: 
CHKPnr Q190Z3.e. ,u~t  .i 

where Dl ,D2,. . . ,DN (N r 1 )  are  data blocks t o  be copied onto the problem tape for  use in 
restarting problem. 

IV. RULES: 
1. A data block to be checkpointed must have been referenced in a previous PURGE, EQUIV o r  

functional module instruction, 
2. CHKPNT cannot be the f i r s t  instruction of a DMAP loop. 
3.  Data Blocks generated by the Input File Processor (including DMI's and DTI ' s )  should not 

be checkpointed since they are always regenerated on r e s t a r t .  
4. Checkpointing only takes place when a New Problem Tape (NPTP) i s  s e t  up and the 

Executive Control Card CHKPNT YES appears in the Executive Control Deck. Otherwise, the 
CHKPNT instructions are ignored. 

5. For each data block tha t  i s  successfully checkpointed, a card of the res ta r t  dictionary 
i s  punched which gives the c r i t i ca l  data for  the data block as i t  exis ts  on the Problem 
Tape. 

6 .  For data blocks that  have been purged or  equivalenced, an entry i s  made in the r e s t a r t  
dictionary to th i s  effect .  In these cases data blocks are  not written on the Problem 
Tape, 
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I .  

11. 

111. 

IV. 

V.  

NAME : C g N D  (Condi t i  onal Transfer) - 

PURPgSE:To a l t e r  the normal order of execution of DMAP modules by conditionally transferring 

program control t o  a specified location in the DMAP program. 

NAP CALLING SEQUENCE : -- 
CBND n,V $ 

where : 
1. n i s  a BCD 'label name specifying the location where control i s  t o  be transferred. 

(See the LABEL instruction.) 

2. V i s  a BCD name of a variable parameter whose value indicates whether or not t o  
execute the transfer.  I f  V < 0 the t ransfer  i s  executed. 

EXAMPLE : 

BEGIN $ 

CBND Ll ,K $ 

M(IDULE1 A/B/V,Y ,PI $ 

LABEL Ll $ 

MPDULEN X / Y  $ 

END $ 
~f K 2 0, MpDULE1 i s  executed. If K < 0 control i s  transferred to  the label L1 and 

M0DULEN i s  executed. 

REMARKS : 
Only forward transfers are allowed. See the REPT instruction for  backward transfers.  
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I .  w: END (End DMAP Program) 

11. PURPgSE: Denotes the end o f  a DMAP program. 

I I I .  DMAP CALLING SEQUENCE : -- 
END $ 

I V .  NgTES: 

1 .  The END i n s t r u c t i o n  a l so  acts as an impl ied  EXIT i n s t r u c t i o n .  

2.  The END card i s  requ i red  whenever the ana lys t  se lec ts  APP DMAP i n  h i s  Executive 

Control Deck. 
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I .  NAME: EQUIV (Data Block Name Equivalence) 

I % .  PURPOSE: To attach one or  more equivalent (a l ias  j data block names to  an existing data 
block so tha t  the data block can be referenced by several equivalent names. 

111. DMAP CALLING SEQUENCE: 

EQUIV DBN1A9DBNZA,BBN3A/PARMA / DBN1 B,DBNPB/PARMB $ 

Note: The number of data block names (DBNi j) prior to  each parameter (PARMj) and the 

number of such groups in a particular cal l ing sequence are variable. 

INPUT DATA BLOCKS: IV. - - - 
DBNlA,DBNEA, etc .  - Any data block names appearing within the DMAP sequence. The 1 s t  

data block name in  each group (DBNlA and DBNlB in the examples above) i s  known as 

the primary data block and the 2nd, e tc .  data block names become equivalent t o  the primary 

(depending on the associated parameter value) . These equivalenced data blocks are known 

as secondary data blocks. 

V. --- OUTPUT DATA BLOCKS: (None specified o r  permitted) 

VI . PARAMETERS : 

PARMA, e tc .  - One required for  each s e t  of data block names. 

VII. METHOD: The data block names in each group are made equivalent i f  the value of the associ- 

ated parameter i s  < 0. I f  a number of data blocks are already equivalenced and the param- 

e t e r  value i s  2 0, the equivalence i s  broken and the data block names again become unique. 

I f  the data blocks are not equivalenced and the parameter value i s  2 0, no action i s  taken. 

VIII. RULES: 

1 .  The primary data block must be output from a previous functional module. 

2. The primary data block must be referenced in the immediately preceding functional 

module and/or in a subsequent functional module. 
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I. NAME: EXIT (Terminate DMAP program) 

II. PURPOSE: To c o n d i t i o n a l l y  terminate the execution o f  the DMAP program. 

111. DMAP CALLING SEQUENCE: 

EXIT c  $ 

where c  i s  an in teger  constant which spec i f i es  the number o f  times the i n s t r u c t i o n  i s  t o  be 

ignored before terminat ing the  program. I f  c  = 0 the  c a l l i n g  sequence may be shortened t o  

EXIT $. 

I V .  EXAMPLE: 

BEGIN $ 

LABEL L1 $ 

MP)DULEl A/B/V,Y,P1 $ 

DMAP 

EXIT 3 $ 

END $ 

REMARKS : ". - 
1. The EXIT i n s t r u c t i o n  w i l l  be executed the t h i r d  t ime the loop i s  repeated ( i  .e., the 

i ns t ruc t i ons  w i t h i n  the  loop w i l l  be executed fou r  times). 

2. EXIT may appear anywhere w i t h i n  the  DMAP sequence. 
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NAME: FILE (F i le  Allocation Aide) 1. - 

IT. PURPOSE: To inform the File Allocator (see Section 4.9 of the Programer's ~ a n u a l )  of any 

special character is t ics  of a data block. 

111. DMAP CALLING SEQUENCE: 

FILE A=al ,a2.. .aa/B=bl ,b2.. . bB/. . . ./Z=zl ,z2.. . z $ 
where: 

A , B . .  . Z  are  the names of the data blocks possessing special character is t ics .  

a1 . . .aa,bl. .  .b@. . . .zl  . . .zw are the special characteristics from the l i s t  below. 

The a1 1 owabl e speci a1 characteristics are: 

1.  SAVE - Indicates data block i s  to  be saved for  possible looping in  DMAP program. 

2.  APPEND - O u t p u t  data blocks which are generated within a DMAP loop are rewritten 

during each pass through the loop, unless the data block i s  declared 

APPEND in a FILE statement. The APPEND declaration allows a module to  

add information t o  a data block on successive passes through a DMAP loop. 

3 .  TAPE - Indicates that  data block i s  t o  be written on a physical tape i f  a physical 

tape i s  available. 

Notes : 

1.  Data blocks created by the NASTRAN preface may not appear in FILE declarations. 

2. Symbolic DMAP sequences which explain the use of the FILE instruction are  given in 

Section 5.2.3.1. 

3. FILE i s  a non-executable DMAP instruction which i s  used only by the DMAP compiler 

for  information purposes. 
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I .  - NAME : JUMP (Unconditional Transfer) 

11. PURPBSE: To a l t e r  the normal order of execution of DMAP modules by unconditionally trans- 

ferring program control to  a specified location in the DMAP program. The normal order of 
execution of DMAP modules i s  the order of occurrence of the modules as DMAP instructions 
in  the DMAP program. 

I I I .  DMAP ' CALLING SEQUENCE : 
JUMP n $ 

where n i s  a BCD name appearing on a LABEL instruction which specifies where control i s  t o  
be transferred. 

I V .  Remarks : 
Jumps must be forward in the DMAP sequence. See the REPT instruction for  backward jumps. 
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NAME : LABEL (DMAP Locati on) 1. P 

11. PURPgSE: To label a location in the M A P  program so tha t  the location may be referenced by 

the DMAP instructions JUMP, CVND and REPT. 

111. DMAP CALLING SEQUENCE: 

LABEL n $ 

where n i s  a BCD name. 

IV. Remarks: 

1. The LABEL instruction i s  inserted jus t  ahead of the DMAP instruction t o  be executed 

when t ransfer  of control i s  made t o  the label.  

2 .  LABEL i s  a non-executable DMAP instruction which i s  used only by the DMAP compiler 

for  information purposes. 
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NAME: PURGE ( E x p l i c i t  Data Block Purge) I .  - 

11. PURPBSE: To f l a g  a data block so t h a t  i t  w i l l  no t  be a l located t o  a physical  f i l e .  

111. DMAP CALLING SEQUENCE: 

PURGE DBN1 A, DBN2A, DBN3A/ PARMA / DBN1 B ,DBN2B/ PARMB $ 

Note: The number o f  data b1ock;names (DBN. .) p r i o r  t o  each parameter (PARM.) and the 
1 J J 

number o f  groups o f  data block names and parameters i n  a p a r t i c u l a r  c a l l i n g  

sequence i s  v a r i  able. 

INPUT DATA BLBCKS: I V :  --- 
DBNlA,DBN2A, e t c .  - Any data b lock  names appearing w i t h i n  the  DMAP sequence. 

V. BUTPUT DATA BLBCKS: (None s p e c i f i e d  o r  permit ted) 

V I  . PARAMETERS : 

PARMA, e t c .  - One requ i red  f o r  each group o f  data block names. 

V I I .  METHgD: The data blocks i n  a group are  purged i f  the value o f  t he  associated parameter i s  

< 0. I f  a data block i s  a l ready purged and the parameter value i s  2 0, the  purged 

data block i s  unpurged so t h a t  i t  may be subsequently r e a l  located. I f  the data 

block i s  no t  purged and the  parameter value i s  2 0, no a c t i o n  i s  taken. 
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I .  -- NAME: REPT (Repeat) 

11. PURPflSE: Po repeat a group of DMAP instructions a specified number of times, 

111. DMAP CALLING SEQUENCE: 
REPT n,c $ 

where : 

1. n i s  a BCD name which specifies the name of a label which marks the beginning of the 
group of DMAP instructions t o  be repeated. (See LABEL i n s t rua ion ) .  

2 .  c i s  an integer constant which specifies the number of tinies t o  repeat the instructions. 

IV. EXAMPLE: 

BEGIN $ 

LABEL L1 $ 

MPDULE1 A/B/V ,Y ,P1 $ 

MgDULEN B/C/V,Y ,PN $ 
REPT L1,3 $ 

END $ 

REMARKS : v.  
1. The instructions MpDULE1 to  MODULEN will be repeated three times (i .e., executed four 

times) in the above example. 

2. REPT i s  placed a t  the end of the group of instructions to  be repeated. 

3.  The constant, 6 ,  may & b e  a parameter name. 
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I .  w: SAVE (Save Variable Parameter Values) 

I I .  PURPPSE: To specify whish variable parameter values are t o  be saved from the preceding 
functional module DMAQ instruction fo r  use by ssubequant mad!!les, 

11 I. DMAP CALLING 

SAVE V1 ,V2,. . . ,VN $ 

where the Vl ,VP,. . . ,VN (N > 0) are the BCB names o f  some or a l l  o f  the variable parameter; 
which agpeqr in the immediately preceding Functional Module DMAP instruction. 

I V .  REMARKS: 

A SAVE instruction must immediately f o l l o w  the functional module instruction wherein 
the parameters being saved are generated. 
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5.4 EXAMPLES 

I n  order  t o  f a c i  1 i t a t e  the  use o f  DMAP, several examples are provided i n  t h i s  sec t ion .  The 

user i s  urged t o  study these examples both from the v iewpoin t  o f  performing a sequence o f  m a t r i x  

operations and t h a t  o f  a DMAP f low.  

5.4.1 DMAP Example 

Objec t ive  

1. P r i n t  the contents o f  t a b l e  data block A. 

2. P r i n t  m a t r i x  data blocks B,C, and D. 

3. P r i n t  values o f  parameters P1 and P2. 

4. Set parameter P3 equal t o  -7. 

BEGIN $ 

TABPT A,,,,// $ 
MATPRN B,C,D,,// $ 
PRTPARM //C,N,O/C,N,Pl $ 
PRTPARM //C,N,O/C,N,P2 $ 

PARAM / / C  ,NYN0P/V,N,P3=-7 $ 

END $ 

To be a p r a c t i c a l  example, a r e s t a r t  s i t u a t i o n  i s  assumed. The user i s  caut ioned t o  
remember co reenter  a t  DMAP i n s t r u c t i o n  2 by changing the  l a s t  reen t r y  p o i n t  i n  the  r e s t a r t  
a i c t i o n a r y  . 
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L e t  the  constrained s t i f f n e s s  m a t r i x  [Kg,] and the load vec tor  {PR) be def ined by means o f  

MI bu lk  data cards. The fo l l ow ing  MAP sequence w i  11 perform the ser ies  o f  m a t r i x  operations 

P r i n t  {u2} 

BEGIN $ 
SBLVE KLLyPL/Ul/CyN,l/CyN,1/C,Ny1/CsNy1 $ 
MPYAD KLLyU1 , P L / R / C 3 N y O / C y N , 1 / C ~ N ~ - 1 / C ~ N ~ 2  $ 
SBLVE KLL3R/DtJ/C,N,1/C,N,1/C,N,2/CyN,2 $ 

ADD U1 ,DU/U2/CYNy (1 ,OyO.O)/CyN, (1.0,O.O) $ 

MATPRN 2 , / $ 
END $ 

Remarks : 

1. [KRR] i s  assumed symmetric. 

2 .  I n  the  example above, KLL wi 11 be decomposed twice.  A more e f f i c i e n t  DMAP sequence, 
which requires on ly  a s i n g l e  decomposition f o r  t h i s  problem, i s  g iven below. 

BEGIN 

DECBMP 

FBS 

MPY AD 

FBS 

ADD 

MATPRN 

END 
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5.4.3 DMAP Examole t o  Use the St ruc ture  P l o t t e r  t o  Generate Undeformed P lo t s  o f  the S t ruc tu ra l  

BEGIN 

GP1 

SAVE 

GP2 

PLTSET 

SAVE 

PRTMSG 

PARAM 

PARAM 

C0ND 

PL0T 

SAVE 

PRTMSG 

LABEL 

PRTPARM 

END 

3 

GEflM1 ,GEflM2,/GPL ,EQEXXN,GPDT,CSTM,BGPDT,SLV , N L U S E T N , N C S T M V N  NGPDT $ 
LUSET $ 

GE0M2, EQEXIN/ECT $ 
PCDB,EQEXIN,ECT/PLTSETX,PLTPAR,GPSEVS,ELSESVN,NSLV NNPSET $ 

NPSET,NSIL $ 
PLTSETX// $ 

Remarks : 

1. GE0M1, GE0M2, PCDB and CASECC are  generated by the  Inpu t  F i l e  Processor. 

2. PRTPARM i s  used t o  p r i n t  a l l  cu r ren t  va r i ab le  parameter values. 

3.  This DMAP sequence contains several s t r u c t u r a l  1 y o r i en ted  modules . This sequence o f  
DMAP i n s t r u c t i o n s  i s  e s s e n t i a l l y  i d e n t i c a l  w i t h  the  sec t i on  o f  each r i g i d  format 
associated w i t h  t h e  opera t ion  of the  S t ruc tu re  P l o t  Request Packet o f  the  Case Control  
Deck (contained i n  data block PCDB). 
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5.4.4 Example of DMAP to  Print Eigenveetors Associated with any o f  the Modal Formulation Rigid 
Formats 

BEGIN $ 

flFP LAMAsflEIGS, 3 s , / / C , N , O  $ 
SDRl USET,,PHIA,, ,Gfl,GM,,KFS9,/PHIG9,QG/C,N,l/C9N3STAT1CS $ 

OFP @PHIG,flQGl yflEF1,flESl 3 , / / C , N , O  $ 
E N D  $ 

Remarks : 

1 . A r e s t a r t  from a successfully executed modal formulation i s  assumed. 

2 .  This DMAP sequence contains several s t ructural ly  oriented modules. 
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5.4.5 User-wri t t e n  Msdul e, 

As an example o f  how a user might  perform m a t r i x  operat ions o f  h i s  own design, the  f e l l o w i n g  

BMAP i s  provided. Funct ional  modules MBDA, MBDB, and MBDC are  assumed t o  be w r i t t e n  by the  user 

and added t o  t he  NASTRAN system, rep lac ing  dumy modules w i t h  the same names. A b r i e f  explanat ion 

af a problem f o r  which t h i s  DMAP i s  app l jcab le  i s  given. 

BEGIN 

PARAM 

PARAM 

MBDA 

SAVE 

LABEL 

FILE 

SPLVE 

EQU I V 

MBDB 

SAVE 

CBND 

CBND 

EQUIV 

COND 

REPT 

PRTPARM 

EXIT 

LABEL 

MODC 

EXIT 

LABEL 

PRTPARM 

EXIT 

END 

$ 
/ / C  ,NsNOP/V,N,TRUE=-1 $ 
//C,N,NPP/V,N,FALSE=+1 $ 
/X,Y ,D5,A/V,N,5ETA=0.O/V,N9SIGMA=1 .O/V,N,FW=O.O/\~,N,SW=O.O/V,N,ETAINF=5.0/ 
V,N,M=lOO/C,N,O/C,N,O/C,N,O/V,N,IC~NV=O/V,N,ZC~NV=1 .OE-4/V,NYIYMAX=1O/ 
C,N,O $ 
BETA ,SIGMA,FW,SW,ETAINF,M, ECPNV,ZCPNV, ETMAX $ 

TaP $ 
A=SAVE / DB=SAV& $ 
A,DB/DV/C,N,O/C,N , I / C , N , l  /C,Nyl $ 

X,XX/FALSE / Y,YY/FALSE $ 
X,Y ,DY/XX,YY ,DBB,AA/V,N,BETA/V,N ,SIGMA/V,N,FW/V,N,SW/\I,N,M/C,N,O/V,N,ICP)NV/ 
V,N,ZC0NV/C,N,O/V ,Ne5plNE=1/V9N3DIVERGED=1 $ 

DONE ,DIVERGED $ 
QUIT,DIVERGED $ 

0UT,Dli)ME $ 
XX,X/TRUE / YY,Y/TRUE / DBB,DB/TRUE / AA,A/TRUE $ 
QUIT,ITbNX $ 
TBP,1000 $ 
//C,N,-l/C,N,DMAP $ 

$ 
0u-r $ 
X,Y// $ 
$ 
QUIT $ 
//C,N,-P/C,N,DMAP $ 

$ 

The above OMAP sequence i s  designed t o  solve an i t e r a t i o n  problem where (x) i s  the s e t  o f  

independent va r i ab le  values on which the d i s e r e t i  zed s o l u t i o n  (y (x ) )  i s  defined. Le t  the  d i sc re te  

values o f  (y (x ) )  measured a t  (x) be c a l l e d  (y}. An i t e r a t i o n  sequence 

i s  t o  be performed where [A] and I 6 b l  are computable func t ions  o f  { y l  and {XI. A convergence- 
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divergence c r i  terion i s  assumed known. I t  i s  a l so  assumed t h a t  the independent variable d i s t r i  bu- 

t ion { x )  iriuy be i ~ o d f  f j e d  as t he  ~nfu t fo i l  prcfceeds. A brief description of the  s ign i f i can t  DMAP 

ins t ruct ions  i s  g iven  below: 

4 I n i t i a l i z a t i o h  of a l l  parameters and output data blocks. T h i s  module i s  assumed t o  be 
writ ten by the user. 

7 Prevents f i l e  a l locator  from dropping A and DB. 

8 Compute 16yl = [A]-'{6b) 

9 Break equivalences. 

10 I t e r a t e  t o  obtain new Cx), Cy), {6b), [A]; t e s t  convergence and s e t  parameters DgNE and 
DIVERGED. This module i s  assumed to  be writ ten by the user. 

14 The new {XI,  {y), {6b), [A] a re  established as  current by replacing the old values. 

20 Prints  out the  converged solutions Ix) and (y). This module i s  assumed t o  be wri t ten by the 
user. 
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ALTER 1 

INPUT GEgM1, , , J G l  ,,,G4,/C,N93 $ 

PARAM //C,N,N@P/V,N,TRUE=-1 $ 
EQU I V G I  ,GEgMl /TRUE / G4 ,GE@M4/TRUE $ 

CBND LBLXXX ,TRUE $ 
TABPT G1,G4,,,// $ 
LABEL LBLXXX $ 
ENDALTER 

Remarks : 

1. This i s  an ALTER package t h a t  could be used by any R i g i d  Format. 

2. The l a s t  th ree i n s t r u c t i o n s  are needed t o  avo id  v i o l a t i n g  the  Equivalence r u l e  t h a t  a 
primary data block name must be referenced i n  a subsequent f unc t i ona l  module. A way t o  
avoid using these th ree i n s t r u c t i o n s  i s  t o  move the  PARAM ahead o f  INPUT, i n  which case 
the EQUIV i m e d i a t e l y  f o l l ows  the  module i n  which the  pr imary data blocks are output. 
I n  t h i s  case the  ALTER package becomes 

ALTER 1 

PARAM //C,N,N~P/V,N,TRUE=-1 $ 

INPUT GE@M, , 9 , / G I  , , ,G4,/C,N,3 $ 
EQU I V G I  ,GE@M1 /TRUE / G4 ,GE@M4/TRUE $ 
ENDALTER 

3. It i s  assumed t h a t  a use r -wr i t t en  module INPUT e x i s t s  which reads data block GEgM1 
(created by the  Inpu t  F i l e  Processor o f  t he  NASTRAN Preface) and creates data blocks GI 
and 64. It i s  then des i red  t o  use 61 and 64 i n  p lace o f  GE@M1 and GE@M4, the data 
blocks normal ly  created by the  NASTRAN Preface. 

4. ALTER i s  described i n  Sect ion 2.2. 
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BEGIN $ 
READ KTEST,MTEST, , ,DYNAMICS, ,CASECC/LAMA,PHIA,MI ,~EIGS/C ,N,M$DES/V,N ,NE $ 

PFP LAMA,$EIGS,, , ,/I $ 
MATPRN PHIA,,,,// $ 
END $ 

Notes : 

1. The echo o f  a t e s t  problem bu lk  data deck f o r  t he  preceding DMAP sequence fo l lows.  

1 
,MI 
DM I 
DM I 
DM1 
DM I 
DM I 
DM1 
DM1 
DM1 
DM1 
EIGR 
+1 

.. 2 3 .. 4 
KTEST ' 0 6 
KTEST 1 1 
KTEST 2 1 
KTEST 3 2 
KTEST 4 3 
MTEST 0 6 
MTEST 1 1 
MTEST 2 2 
MTEST 3 3 
MTEST 4 4 
1 DET .O 
MAX 

2. Data blocks DYNAMICS and CASECC are  generated by the  NASTRAN Preface ( I npu t  F i l e  
Processor) and conta in  the eigenvalue e x t r a c t i o n  data from the EIGR card and the 
eigenvalue method se lec t i on  data ex t rac ted from the  METHflD card i n  the  Case Control  
Deck. 

3.  Data blocks KTEST and MTEST are generated by the  NASTRAN Preface ( I npu t  F i l e  Processor) 
from the DM1 bu lk  data cards. 

4. Data block M I  i s  t he  modal mass ma t r i x ,  which i s  n o t  used i n  t h i s  DMAP subsequent t o  
READ, b u t  which must appear as an output  i n  READ. Parameter NE i s  an output  parameter 
whose value i s  the  number o f  eigenvalues extracted.  I f  none are found NE w i l l  be s e t  
t o  -1. 

A1 te rna te  DMAP t o  perform rea l  eigenvalue ana lys is  using D i r e c t  I npu t  Matrices where the 

degrees o f  freedom are  associated w i t h  g r i d  po in ts .  
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BEGIN 

GP 1 

SAVE 

GP4 

DPD 

SAVE 

C@ND 

READ 

SAVE 

@FP 
C@ND 

SDRl 

SDR2 

@FP 
JUMP 
LABEL 

PRTPARM 

LABEL 

END 

LUSET $ 

CASECC, ,EQEXIN,SIL ,GPDT/, ,USET/V,N~LUSET/C9N9O/C,N9O/CyN,O/C,N,O/C~N9O/C,N,O/ 
C,N,0/C9N,0/C,N,0/C,N,0 $ 
DYNAMICSgGPL ,SIL ,USET/GPLD,SILD,USETD, y yEED,EQDYN/VsNsLUSET/CaN,O/C,N,O/ 
C,N,O/C9N9O/C,N,O/C,N,Q/C,N,O/V,N,N@EED/C~NyO/CyNO $ 
N@EED $ 
El  ,NP)EED $ 

KTEST,MTEST, , ,EED, ,CASECC/LAMA,PHIA,MI ,@EIGS/C,N ,MP)DES/V,N ,NEIGV $ 
NEIGV $ 

UsETs,PHIAggyyyy, y/PHIG,,/CaNyI/CyN,REIG $ 

CASECC,, , ,EQEXIN,SIL,, ,BGPDT,LAMA,,PHIG, P H I G  , C N , R E I G  $ 
WHIG, a 9 ,// $ 
FINIS $ 

El  $ 
//C,N,-2/C,N,M@DES $ 
FINIS $ 

$ 

Notes : 

1. The echo o f  a t e s t  problem bu l k  data deck f o r  the  preceding DMAP sequence fo l lows.  

1 
i n 1  
DM I 
DM1 
DM I 
DM1 
DM I 
DM I 
DM1 
DM I 
DM1 
EIGR 
+1 
SPaINT 

.. 2 
KTEST 
KTEST 
KTEST 
KTEST 
KTEST 
MTEST 
MTEST 
MTEST 
MTEST 
MTEST 
1 
MAX 
1 

.. 3 .. 4 . 
0 6 
1 1 
2 1 
3 2 
4 3 
0 6 
1 1 
2 2 
3 3 
4 4 
DET . 0 

THRU 4 

2. Data block EED i s  generated by DPD, which copies the  EIGR o r  EIGB cards from data block 
DYNAMICS. The actual  card used i s  selected i n  case con t ro l  by METHgD = SID. 

3. Each degree-sf-freedom def ined by the DM1 matr ices must be associated w i t h  some g r i d  o r  
sca la r  p o i n t  i n  t h i s  vers ion.  I n  the example above, t h i s  i s  done by de f i n ing  f o u r  
sca la r  po in t s .  

4. The E I G R  card selected i n  the  Case Control Deck w i l l  be used as expla ined 
i n  Note 2. 



DI RECT MATRIX ABSTRACTION 

BEGIN 
SEEMAT 

SEEMAT 
SAVE 

PRTPARM 
PARAM 

SEEMAT 

SAVE 
PRTPARM 

END 

$ 
K G G , K L L , , , / /  $ 
KGG, KLL,  , , / / C  , N  ,PLgT/V > N  ,P=O/C ,N/C , N  , S C /  N 4020/C N X N 0 $ 

p $ 
//C,N,O/C,N,P $ 
/ / C 9 N  5MPY/VyNyP/C,N,0/C,N,1 $ 
K G G , K L L , , , / / C , N , P L ~ T / V , N , P / C , N / C , N , E A I / C , N ~ ~ ~ / C ~ / ~  $ 

p $ 

/ / C , N > O / C , N , P  $ 
$ 

Notes : 

1.  Instruction number 2 causes the picture t o  be generated on the pr inter .  

2. Instruction number 3 causes the picture t o  be generated on the SC 4020 
p lo t te r .  

3. The parameter P i s  in i t i a l ized  to  zero by instruction number 3. The form 
V , N , P  would also have accomplished the same thing since the MPL default 
value i s  zero. 

4. Instruction number 5 prints the current value of parameter P .  Since P was 
i n i t i a l l y  s e t  to  zero and instruction number 3 i s  the f i r s t  instruction 
executed which has P as an input, then P will have a zero value on input t o  
instruction number 3. P i s  incremented by one (1) for  every frame generated 
on the SC 4020 p lo t te r .  Since the value of the output parameter P was saved 
in the immediately following SAVE instruction, the value printed by instruc- 
tion number 5 will  be the number of frames generated by the execution of 
instruction number 3. 

5. Instruction number 6 causes the value of P to  be s e t  to  zero (0) , the product 
of zero (0) and one (1) .  Since PARAM i s  the only module which does i t s  own 
SAVE, no succeeding SAVE instruction i s  necessary. This i l l u s t r a t e s  a com- 
monly used technique for  set t ing parameter values in DMAP programs. 

6 .  Instructions 7 ,  8 and 9 essentially repeat instructions 3, 4 and 5 using the 
EAI 3500 table p lo t te r  in place of the SC 4020 p lo t te r .  

7. The END instruction, which i s  required, also acts  as an EXIT instruction. 

8. NASTRAN tapes PLTl and PLT2 must both be s e t  up in order to  execute th i s  
DMAP successfully. 

9. Matrix data blocks KGG and KLL are assumed to ex is t  on the PgBL f i l e .  This 
will be t he  case i f  e i ther  DM1 input i s  used or  i f  a res ta r t  i s  being made 
from a run in which KGG and KLL were generated and checkpointed. 
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5.4.9 DMAP Example t o  Compute the r - t h  Power o f  a Ma t r i x  [QL 

BEGIN 

MATPRN 

PARAM 

PARAM 

PARAM 

CgND 

ADD 

LABEL 

EQUIV 

MPYAD 

EQUIV 

PARAM 

PARAM 

C$N D 

REPT 

JUMP 

LABEL 

MATPRN 

EXIT 

LABEL 

PRTPARM 

EXIT 

LABEL 

PRTPARM 

EXIT 

END 

Notes : 

1.  The m a t r i x  [Q] i s  assumed i n p u t  v i a  DM1 bu l k  data cards. 

2. The parameter R i s  assumed i n p u t  on a PARAM bu lk  data card. 

3. A l o g i c a l  f l o w  diagram f o r  t h i s  DMAP i s  shown i n  the  f o l l o w i n g  sketch. 
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P r i n t  y 

Pr in t  Q 



QIAGNOSl-I C MESSAGES 

6.1 RIG1 D FORMAT DIAGNOSTIC MESSAGES 

A number of f a t a l  e r r o r s  a r e  d e t e c t e d  by DMAP statements i n  t h e  v a r i o u s  r i g i d  fonnats.  These 

messages i n d i c a t e  t h e  presence o f  f a t a l  u s e r  e r r o r s  t h a t ,  e i t h e r  cannot  be determined by  t h e  

f u n c t i o n a l  modules, o r  t h a t  can be more e f f e c t i v e l y  de tec ted  by DMAP s ta ' ce txn ts  i n  t h e  r i g i d  

format. The d e t e c t i o n  o f  such an e r r o r  causes a t r a n s f e r  t o  a LABEL i n s t r u c t i o n  near  t h e  end o f  

t h e  r i g i d  format. The t e x t  o f  t h e  message i s  o u t p u t  and t h e  execu t ion  i s  te rm ina ted .  These 

messages w i l l  always appear a t  t h e  end o f  t h e  NASTRAN o u t p u t .  

The t e x t s  o f  t h e  r i g i d  fo rmat  e r r o r  messages a r e  g i v e n  i n  t h e  f o l l o w i n g  s e c t i o n s  f o r  each o f  

t h e  r i g i d  formats.  The t e x t  f o r  each message i s  g iven  i n  c a p i t a l  l e t t e r s  and i s  f o l l o w e d  by  

a d d i t i o n a l  e x p l a n a t o r y  m a t e r i  a1 , i n c l u d i n g  suggest ions f o r  remedi a1 a c t i o n  

6.1.1 R i g i d  Format E r r o r  Messages f o r  S t a t i c  Ana lys is  

No. 1 - ATTEMPT T0 EXECUTE M0RE THAN 100 LOOPS. 

An a t tempt  has been made t o  use more than  100 d i f f e r e n t  s e t s  o f  boundary c o n d i t i o n s .  
Th is  number may be inc reased  by a l t e r i n g  t h e  REPT i n s t r u c t i o n  f o l l o w i n g  SDR1. 

N0, 2 - MASS MATRIX REQUIRED FPR WEIGHT AND BALANCE CALCULAT10NS. 

The mass m a t r i x  i s  n u l l  because e i t h e r  no elements were d e f i n e d  w i t h  Connect ion cards,  
n o n s t r u c t u r a l  mass was n o t  d e f i n e d  on a Proper ty  card, o r  t h e  d e n s i t y  was n o t  d e f i n e d  
on a M a t e r i a l  card, 

N0. 3 - N0 INDEPENDENT DEGREES @F FREEDOM HAVE BEEN DEFINED. 

E i t h e r  no degrees o f  freedom have been d e f i n e d  on GRID, SPOINT o r  S c a l a r  Connect ion 
cards, o r  a l l  d e f i n e d  degrees o f  freedom have been c o n s t r a i n e d  by SPC, MPC, SUPgRT, 
gMIT, o r  GRDSET cards,  o r  grounded on S c a l a r  Connect ion ca rds .  

Nfl. 4 - N0 ELEMENTS HAVE BEEN DEFINED. 

The s t i f f n e s s  m a t r i x  i s  n u l l  because no elements have been d e f i n e d  on e i t h e r  Connect ion 
cards o r  GENEL cards. 

6.1.2 R i g i d  Format E r r o r  Messages f o r  S t a t i c  Ana lys is  w i t h  I n e r t i a  R e l i e f  

N0. 1 - MASS MATRIX REQUIRED F@R CALCULATIgN gF INERTIA LgADS. 

The mass m a t r i x  i s  n u l l  because e i t h e r  no elements were d e f i n e d  w i t h  Connect ion cards,  
n o n s t r u c t u r a l  mass was n o t  d e f i n e d  on a Proper ty  card, o r  t h e  d e n s i t y  was n o t  d e f i n e d  on 
a M a t e r i a l  card.  

N0. 2 - ATTEMPT Tfl EXECUTE M0RE THAN 100 L@@PS. 

An a t t e m p t  has been made t o  use more than 100 d i f f e r e n t  s e t s  o f  boundary c o n d i t i o n s .  
Th is  number may be inc reased  by a l t e r i n g  t h e  REPT i n s t r u c t i o n  f o l l o w i n g  SDR1. 
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NO. 3 - N o  b l \ l l lE I~ENDt l \ lT  Dtb l l t t s  0F FREEDOM HAVL BEEild DLFillFD, 

E ~ t h e r  no degrees of frdpdorn have been dcfincd on GRID, SPOENI or  Scalar Connection 
cards,  or  a i l  defined degrees Q-F freedom have been cous~r.a?ned by SPC, MPC, SUPgXT, 
ONIT, o r  GRDSET car cis, or  grounded on Scalar Lonnection cards.  

N o .  4 - FREE BBDY SUPPgKTZ ARE REQUlkED. 

A s t a t i c a l l y  determinate s e t  of supports must be speci f ied  on a SUPgRT card i n  order t o  
determine the r i g i d  body cha rac te r i s t i c s  of the  s t ruc tu ra l  model. 

N@.  1 - MASS MATRIX REQUIRED F0R REAL EIGENVALUE ANALYSIS. 

The mass matrix i s  null because e i t h e r  no s t ruc tu ra l  elements were defined with Connec- 
t i on  cards,  nonstructural  mass was not defined on a Property card,  or  the density was 
not defined on a Material card. 

N0. 2 - EIGENVALUE EXTRACTIgN DATA REQUIRED FOR REAL EIGENVALUE ANALYSIS 

Eigenv2lue ext rac t ion data must be supplied on an EIGR card and METHgD must s e l e c t  an 
EIGR s e t  in  the  Case Control Deck. 

Ng. 3 - N@ INDEPENDENT DEGREES OF FREEDPM HAVE BEEN DEFINED. 

Either no degrees of freedom have been defined on GRID, SPgINT o r  Scalar Connection 
cards,  o r  a l l  defined degrees of freedom have heen constrained by SPC, MPC, SUPgRT, 
WIT, o r  GRDSET cards ,  o r  grounded on Scalar Lonnection cards.  

6.1.4 Rigid Format Error Yessages- f o r  S t a t i c  Analysis with D i f f ~ r e n t - i a l  S t i f fness  

NP. 1 - N0 STRUCTURAL ELEMENTS HAVE B E E N  DEFINED 

The d i f f e ren t i a l  s t i f f n e s s  matvix i s  nu91 because no s t ruc tu ra l  elements have been 
defined with Connecti fj!i cards.  

Nf i .  2 - FREE 5$471' SUPPgRTS NgT ACb@WED, 

Free ~ o d i e s  are  not allowed i n  S t a t i c  Analysis w i t h  Dif ferent ia l  S t i f fness .  The SUPBRT 
cards must be reaioved from the  Bulk Data Deck and other  const ra in ts  applied i f  required 
fo r  stab; 1 i t y  . 

Ng. 3 - ATIE14PT T', EXECUTE M",E Tti!iN 100 LriiBPS, 

An attclmpthhas been maie ts iisa more t h a ~ i  100 scale  f ac to r s  f o r  d i f fe ren t i a l  s t i f f n e s s  
ca lcula t ions  . This ntriirber may be increased by a l t e r ing  the REPT ins t ruct ion following 
SDRI . 

NO. 4 - MASS i4iiTRIX REQUIRED FgR WEIGHT AND BALANCE CAlGULATIflNS. 

The inass matrix i c  null becausc el Siwr no elernents were defined with Connection cards,  
nonstrut:tural mass was not defined on a Property card,  or  the density was riot d e f ~ n e d  
on a Material ~ 3 r d .  

N f i ,  5 - Nfi INDEPENDENT DEGREES YF FREEDSM HAVE BEEN DEFINED. 

Either no degrees of freedom have been defined on GRID, SPgINT or Scalar Connection 
cards ,  o r  a l l  defined degrees 05 freedom have been constrained by SPC, MPC,  OMIT, o r  
GRDSET cards ,  or  grounded on Scalar  Connection cards.  
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6.1.5 R ig id  Format Er ror  Messages f o ~ u ~ n g  Analysis 

NO. 1 - N@ STRUCTURAL ELEMENTS HAVE BEEN DEFINED. 

The d i  f f e r e n t i  a1 s t i f f n e s s  m a t r i x  i s  nu1 1 because no s t r u c t u r a l  elements have been 
def ined w i t h  Connection cards. 

NP). 2 - FREE BODY SUPPORTS NPT ALLgWED. 

Free bodies are no t  al lowed i n  Buckl ing Analysis.  The SUPPRT cards must be removed 
from the Bulk Data Deck and o ther  const ra in ts  app l ied  i f  requ i red  f o r  s t a b i l i t y .  

N0. 3 - EIGENVALUE EXTRACTION DATA REQUIRED FPR REAL EIGENVALUE ANALYSIS. 

Eigenvalue ex t rac t i on  data must be suppl ied on an EIGE card and METHOD must s e l e c t  an 
EIGB s e t  i n  the Case Control Deck. 

N@. 4 - NO EIGENVALUES F@UND. 

No buck l ing  modes e x i s t  i n  the range spec i f i ed  by the user. 

N@. 5 - MASS MATRIX REQUIRED F@R WEIGHT AND BALANCE CALCULATIONS. 

The mass ma t r i x  i s  nu1 1 because e i t h e r  no elements were def ined w i t h  Connection cards, 
nonst ruc tura l  mass was not  de f ined on a Property card o r  the dens i ty  was not  def ined on 
a Mater ia l  card. 

N@. 6 - N@ INDEPENDENT DEGREES OF FREEDPM HAVE BEEN DEFINED. 

E i t h e r  no degrees o f  freedom have been def ined on GRID, SPPINT or  Scalar Connection 
cards. o r  a l l  def ined degrees o f  freedom have been constra ined by SPC, MPC, @MIT, o r  
GRDSET cards, o r  grounded- on Scalar  Connection cards. 

6.1.6 R ig id  Format E r ro r  Messaqes f o r  Piecewise Linear Analysis. 

N@. 1 - N@ NONLINEAR ELEMENTS HAVE BEEN DEFINED. 

A piecewise l i n e a r  problem has n o t  been formulated because none o f  the elements have a 
s t ress  dependent modulus o f  e l a s t i c i t y  de f ined on a Mater ia l  card. 

N@. 2 - ATTEMPT T@ EXECUTE MPRE THAN 100 L@flPS. 

An at tempt has been made t o  use more than 100 load increments. This number may be i n -  
creased by a1 t e r i n g  the REPT i n s t r u c t i o n  preceding SDR2. 

N@. 3 - MASS MATRIX REQUIRED F@R WEIGHT AND BALANCE CALCULATIPNS. 

The mass ma t r i x  i s  n u l l  because e i t h e r  no elements were def ined w i t h  Connection cards, 
nonst ruc tura l  mass was not  defined on a Property zai-d, or the dens i ty  was not  def ined 
on a Ma te r i a l  card. 

N@. 4 - N@ ELEMENTS HAVE BEEN DEFINED. 

The s t i f f n e s s  ma t r i x  i s  n u l l  because no elements have been def ined on e i t h e r  Connection 
cards o r  GENEL cards. 

6.1.7 R ig id  Format Er ror  Messages f o r  D i r e c t  Complex Eigenvalue Analysis.  

NO. 1 - EIGENVALUE EXTRACTION DATA REQUIRED F@R CgMPLEX EIGENVALUE ANALYSIS 

Eigenvalue ex t rac t i on  data must be suppl ied on an E I G C  card and CMETHgD must s e l e c t  an 
E l G C  se t  i n  the Case Control Deck. 
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N@. 2 - ATTEMPT TO EXECUTE MgRE I H A N  100 L@JPS. 

An attempt has been made t o  use more than 100 s e t s  of d i r e c t  input matrices.  This 
number may be increased by a l t e r ing  the REPT ins t ruc t ion  following SDR2. 

Nfl.  3 - MASS MATRIX REQUIRED FflR UEIGHT AND BALANCE CALCULATIflNS 
The mass matrix i s  null because e i t h e r  no elements were defined on Connection cards ,  
nonstructural mass was not defined an a Property card,  o r  the  density was not defined 
on a Materi a1 card. 

6.1.8 Rigid Format Error Messages for  Direct  Frequency and Random Response. 

NO. 1 - FREQUENCY RESPONSE LIST REQUIRED FOR FREQUENCY RESPONSE CALCULATIflNS. 

Frequencies t o  be used in the  solut ion of frequency response problems must be supplied 
on a FREQ, FREQ1, o r  FREQ2 card and FREQ must s e l e c t  a frequency response s e t  i n  the  
Case Control Deck. 

NO.  2 - DYNAMIC LOADS TABLE REQUIRED F@R FREQUENCY RESPONSE CALCULATIflNS. 

Dynamic loads to  be used in the solut ion of frequency response problems must be specl-  
f i ed  on an RLOADl o r  RLflAD2 card and DLflAD must s e l e c t  a dynamic load s e t  i n  the  Case 
Control Deck. 

Nfl.  3 - ATTEMPT T@ EXECUTE MORE THAN 100 LflflPS. 
An attempt has been tnade t o  use more than 100 s e t s  of d i r e c t  input matrices.  This number 
may be increased by a1 ter ing the  REPT in s t ruc t ion  following the  l a s t  flFP instruction. 

NO. 4 - MASS MATRIX REQUIRED F@R WEIGHT AND BALANCE CALCULATIgNS. 

The mass matrix, i s  null because e i t h e r  no elements were defined or1 Connection cards,  
nonstructural  mass was not defined on a Property card,  or  the  density was not defined 
on a Material card.  

6.1.9 Rigid Format Error Message f o r  DirectTransi  en t  Response 

NO.  1 - TRANSI ENT RESPflNSE LIST REQUIRED FgR TRANSI ENT RESPflNSE CALCLILATI flNS . 
Time s t e p  in t e rva l s  t o  be used must be speci f ied  on a TSTEP card and a TSTEP se lec t ion  
must be made in  t h e  Case Control Deck. 

N O .  2 - ATTEMPT TO EXECUTE MORE THAN 100 LOflPS. 

An attempt has been made t o  use more than 100 dynamic load s e t s .  This number may be 
increased by a l t e r ing  the  REPT ins t ruct ion following the l a s t  XYPLBT in s t rbc t i  on. 

N0. 3 - MASS MATRIX REQUIRED FflR WEIGHT AND BALANCE CALCULATIONS. 

The mass matrix i s  null because e i t h e r  no elements were defined with Connection cards ,  
nonstructural  mass was not defined on a Property card,  o r  the density was not defined 
on a Material card.  

6.1.10 Rigid Format Error Messages for  Modal Complex Eigenval ue Analysis. 

N O ,  1 - MASS MATRIX REQUIRED FOR MgDAL F0RMULATIBN. 

The mass matrix i s  null because e i t h e r  no s t ruc tu ra l  elements were defined with Connec- 
t ion cards,  nonstructural  mass was not defined on a Property card,  or the density was 
not defined on a Material card. 
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NO. 2 - EIGENVALUE EXTRACTI0N DATA REQUiRED F@R REAL EIGENVALUE ANALYSIS. 

Eigenvalue e x t r a c t i o n  d a t a  must be s u p p l i e d  on an EIGR c a r d  and METHOD must s e l e c t  an 
EIGR s e t  i n  t h e  Case Cont ro l  Deck. 

NO. 3 - ATTEMPT TO EXECUTE MORE THAN 100 LfifIPS. 

An a t tempt  has been made t o  use more than 100 d i f f e r e n t  se ts  of d i r e c t  i n p u t  m a t r i c e s .  
T h i s  number can be inc reased  by a l t e r i n g  t h e  REPT i n s t r u c t i o n  f o l l o w i n g  SDR2. 

NO. 4 - REAL EIGENVALUES REQUIRED FOR MODAL F@RblULATI@N. 

No r e a l  e igenvalues were found i n  the  f requency range s p e c i f i e d  by the  user. 

6.1 .ll R i g i d  Format E r r o r  Messages f o r  Modal Frequency and Random Response. 

N@. 1 - MASS MATRIX REQUIRED F@R M@DAL FORMULATIBN. 

The mass m a t r i x  i s  nu1 1 because e i t h e r  no s t r u c t u r a l  elements were d e f i n e d  w i t h  Connec- 
t i o n  cards, n o n s t r u c t u r a l  mass was n o t  d e f i n e d  on a Proper ty  card,  o r  the  d e n s i t y  was 
n o t  d e f i n e d  on a M a t e r i a l  card.  

NO. 2 - EIGENVALUE EXTRACTION DATA REQUIRED F@R REAL EIGENVALUE ANALYSIS. 

Eigenvalue e x t r a c t i o n  d a t a  must be s u p p l i e d  on an EIGR c a r d  and METHOD must s e l e c t  an 
EIGR s e t  i n  t h e  Case Cont ro l  Deck. 

NO. 3 - ATTEMPT TO EXECUTE MORE THAN 100 LOOPS. 

An a t t e m p t  has been made t o  use more than  100 se ts  o f  d i r e c t  i n p u t  m a t r i c e s .  T h i s  number 
can be inc reased  by a1 t e r i  ng t h e  REPT i n s t r u c t i o n  f o l l  owing t h e  l a s t  OFP i n s t r u c t i o n .  

NB. 4 - REAL EIGENVALUES REQUIRED FOR M@DAL F@RMULATI@N. 

No r e a l  e igenvalues were found i n  t h e  frequency range s p e c i f i e d  by t h e  user. 

N0. 5 - FREQUENCY RESPONSE LIST REQUIRED FOR FREQUENCY RESPONSE CALCULATIONS. 

Frequencies t o  be used i n  t h e  s o l u t i o n  o f  f requency response problems must be s u p p l i e d  
on a FREQ, FREQ1, o r  FREQ2 card and FREQ must s e l e c t  a f requency response s e t  i n  t h e  
t h e  Case C o n t r o l  Deck. 

N@. 6 - DYNAMIC LOADS TABLE REQUIRED F@R FREQUENCY RESPgNSE CALCULATIONS. 

Dynamic loads t o  be used i n  the  s o l u t i o n  o f  f requency response problems must be spec i -  
f i e d  on an RLgAD1 o r  RLOAD2 card  and DLOAD must s e l e c t  a dynamic l o a d  s e t  i n  t h e  Case 
Cont ro l  Deck. 

6.1.12 R i g i d  Format E r r o r  Messages f o r  Modal T r a n s i e n t  Response. 

N@. 1 - MASS MATRIX REQUIRED FjdR MODAL FjdRMULATIaN. 

The mass m a t r i x  i s  n u l l  because e i t h e r  no s t r u c t u r a l  elements were d e f i n e d  w i t h  Connec- 
t i o n  cards,  n o n s t r u c t u r a l  mass was n o t  d e f i n e d  on a Proper ty  card, o r  the  d e n s i t y  was 
n o t  d e f i n e d  on a M a t e r i a l  card.  

N@. 2 - EIGENVALUE EXTRACTIBN DATA REQUIRED FflR REAL EIGENVALUE ANALYSIS 

Eigenvalue e x t r a c t i o n  d a t a  must be s u p p l i e d  on an EIGR card  and METHOD  nus st s e l e c t  an 
EIGR s e t  i n  the  Case C o n t r o l  Deck. 
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NQ. 3 - ATTEMPT TQ EXECUTE M@RE THAN 100 L@@PS. 

An attempt has been made to use more than 100 dynamic load s e t s .  This number can be 
increased by al ter ing the REPT instruction following the l a s t  XYPLgT instruction. 

N0. 4 - REAL EIGENVALUES REQUIRED FQR MQDAL FQRMULATI0N. 

No real eigenval ues were found in the frequency range specified by the user. 

NQ. 5 - TRANSIENT RESPPNSE LIST REQUIRED FQR TRANSIENT RESPgNSE CALCULATIgNS. 

Time step intervals t o  be used must be specified on a TSTEP card and a TSTEP selection 
must be made in the Case Control Deck. 
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6 . 2  NASTRAN SYSTEM AND USER MESSAGES 

NASTRAN system and user messages are identified by number. Message numbers have been assigned 

in groups as follows: 

I - 999 Preface Messages 

1000 - 1999 Executive Module Messages 
2000 - 3999 Functional Module Messages 

These messages have the following format: 

*x* { } 1 N G  1 MESSAGE id ,  t ex t .  
I NFORMATI flN 

where "id" i s  a unique message identification number and "text" i s  the message as indicated in 

capital l e t t e r s  f o r  each of the diagnostic messages. A ser ies  of asterisks (****) in  the text  

indicates information tha t  will be f i l l e d  in for  a specif ic  use of the message, such as ,  the number 

of a grid point or  the name of a bulk data card. Many of the messages are followed by additional 

explanatory materi a1 , including suggestions for  remedi a1 action. 

The system and user messages described in  this  section pertain only t o  those messages gener- 

ated by NASTRAN. A1 though these messages can appear a t  various places in the output stream, they 

should be easily identified by the i r  format. The various computer operating systems also produce 

diagnostic messages that  can appear a t  various places in the output stream. The format of these 

messages will vary with the operating system. Reference should be made to the operating system 

manuals fo r  interpretation of the messages that  are not generated by NASTRAN. 

System messages refer  to  diagnostics tha t  are associated with program errors.  In general 

such errors cannot be corrected by the user. Reference should be made t o  the Programmer's Manual 

and assistance secured from the programming s t a f f .  User messages refer t o  errors tha t  are usually 

associated with the preparation of the NASTRAN Data Deck. Corrective action i s  indicated in the 

message text  o r  the explanatory information following the text.  In some cases reference may have 

to  be made to other sections of the User's Manual for  proper card formats or for  c la r i f ica t ion  of 

procedures. 

Fatal messages cause the termination of the execution following the printing of the message 

tex t .  These messages wi l l  always appear a t  the end of the NASTRAN output. Warning and information 
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messages w i l l  appear a t  v a r i o u s  p laces  i n  t h e  o ~ r t p u t  stream. Such tnessages o n l y  convey warnings 

o r  i n f o r m a t i  on t o  t h e  user .  Consequently,  t h e  execu t ion  cont inues i n  a nolrnal manner f o l l o w i n g  

the  p r i n t i n g  o f  t h e  message t e x t .  

As an example, cons ider  message number 2025, which w i l l  appear i n  t h e  p r i n t e d  o u t p u t  as 

f o l l  ows : 

*** USER FATAL MESSAGE 2025, UNDEFINED CgPRDINATE SYSTEM 102. 

The t h r e e  l e a d i n g  a s t e r i s k s  (***) are  always p resen t  i n  user  and system d i a g n o s t i c  messages. The 

word USER i n d i c a t e s  t h a t  t h i s  i s  a u s e r  message r a t h e r  than a system message. The word FATAL 

i n d i c a t e s  t h a t  t h i s  i s  a f a t a l  message r a t h e r  than a warn ing o r  i n f o r m a t i o n  message. The number 

2025 i s  t h e  i d e n t i f i c a t i o n  number f o r  t h i s  message. The t e x t  o f  t h e  message f o l l o w s  the  comma ( , ) .  

The number 102 rep laces  the  a s t e r i s k s  (****) i n  t h e  genera l  message t e x t ,  and i n d i c a t e s  t h a t  902 

i s  t h e  i d e n t i f i c a t i o n  number o f  t h e  unde f ined  coord ina te  system. 

6.2.1 Pre face  Messages 

01 *** USER WARNING MESSAGE 1, ASSUMED FIRST INPUT FILE IS  NULL. 

User has s p e c i f i e d  N i n p u t  da ta  b locks  when t h e r e  shou ld  be N + 1 .  

02 *** USER WARNING MESSAGE 2, PARAMETER NAMED ******** I S  DUPLICATED. 

No harm done. Parameter i s  saved j u s t  once. 

03 *** USER FATAL MESSAGE 3, FBRMAT ERRgR I N  PARAMETER N@.***. 

Double d e l i m i t e r  appears i n  parameter  s e c t i  on o f  p rev ious  DMAP i n s t r u c t i o n ,  

04 *** SYSTEM FATAL MESSAGE 4, MPL PARAMETER ERRgR, MgDULE NAME = ******** PARAMETER Ng.***. 

MPL e n t r y  f o r  module i s  i n c o r r e c t .  See b l o c k  da ta  program XMPLBD. 

05 *** USER FATAL MESSAGE 5, PARAMETER INPUT DATA ERRBR ILLEGAL VALUE FOR PARAMETER NAMED ********. 
Type o f  parameter on PARAM card  i s  i n c o n s i s t e n t  w i t h  t ype  o f  parameter by same name i n  
above DMAP i n s t r u c t i o n .  

06 *** USER FATAL MESSAGE 6, ILLEGAL VALUE F@R PARAMETER No.***. 

The type o f  parameter i n  DMAP i n s t r u c t i o n  does n o t  correspond t o  t ype  requested i n  DMD o r  
MFD s e c t i o n  o f  Programmer's Manual . 

07 *** USER FATAL MESSAGE 7, PARAMETER N@.*** NEEDS PARAMETER NAME. 

Parameter i s  n o t  i n  c o r r e c t  fo rmat .  
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08 *** USER FATAL MESSAGE 8, BULK DATA PARAM CARD ERR@R. MUST NPT DEFINE PARAMETER NAMED ********. 
The "N"  i n  V,N,******** means user  cannot  s e t  the  va lue  of t h e  parameter w i t h  name 
******** on a PARAM card .  

09 *** USER FATAL MESSAGE 9, VALUE NEEDED F@R PARAMETER N@.***. 

Constant  needs va lue i n  DMAP i n s t r u c t i o n  o r  on PARAM card.  

10 *** USER FATAL MESSAGE 10, ILLEGAL INPUT SECTIBN FflRMAT. 

11 *** USER FATAL MESSAGE 11, ILLEGAL OUTPUT SECTIflN FflRMAT. 

12 *** USER FATAL MESSAGE 12, ILLEGAL CHARACTER I N  DMAP INSTRUCTIflN NAME. 

Name must be 8 o r  l e s s  alpha-numeric charac te rs ,  t h e  f i r s t  c h a r a c t e r  be ing  a lpha.  

13 *** USER FATAL MESSAGE 13, DMAP INSTRUCTIflN NOT I N  MODULE LIBRARY. 

14  *** SYSTEM FATAL MESSAGE 14, ARRAY NAMED ******** flVERFLgWED. 

See XGPI module d e s c r i p t i o n  i n  MFD s e c t i o n  o f  Programmer's Manual. 

15 *** USER FATAL MESSAGE 15, INC@NSISTENT LENGTH USED F0R PARAMETER NAMED ********. 
Th is  parameter was used i n  a p rev ious  MAP i n s t r u c t i o n  which gave i t  a d i f f e r e n t  type.  
See Sec t ion  5.2.1 o f  t h e  User ' s  Manual. 

16 *** USER FATAL MESSAGE 16, ILLEGAL F@RMAT. 

18 *** USER FATAL MESSAGE 18, Tfl@ MANY PARAMETERS IN DMAP PARAMETER LIST. 

I n c o r r e c t  c a l l i n g  sequence f o r  DMAP i n s t r u c t i o n .  

19 *** USER FATAL MESSAGE 19, LABEL NAMED ******** I S  MULTIPLY DEFINED. 

LABEL named appears i n  more than  one p l a c e  i n  DMAP program. 

20 *** USER FATAL MESSAGE 20, ILLEGAL CHARACTERS I N  PARAMETER Nfl.***. 

Name must be 8 o r  l e s s  alpha-numeric charac te rs ,  t h e  f i r s t  c h a r a c t e r  b e i n g  a lpha  

21 *** USER FATAL MESSAGE 21, PARAMETER NAMED ******** I S  NOT I N  PRECEDING DMAP INSTRUCTlflN 
PARAMETER LIST. 

Parameters i n  SAVE i n s t r u c t i o n  must appear i n  immediate ly  preceding DMAP i n s t r u c t i o n .  

22 *** USER FATAL MESSAGE 22, DATA BLgCK NAMED ******** MUST BE DEFINED PRIOR T@ THlS 
INSTRUCTI@N. 

See Sec t ion  5.2 o f  the  User ' s  Manual. 
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23 *** USER FATAL MESSAGE 23, DATA BLOCK NAMED ******** I S  NOT REFERENCED I N  SUBSEQUENT 
FUNCTIONAL MODULE. 

See Sec t ion  5.2 o f  t h e  U s e r ' s  Manual. E r r o r  can be suppressed by adding the  f o l l o w i n g  : 

PARAM //C,N,N@P/V,N ,TRUE=-1 $ 
CPND LABELXXX ,TRUE $ 
TABPT ******** , , , ,// $ 
LABEL LABELXXX $ 

24 *** SYSTEM FATAL MESSAGE 24, CANNPT FIND FILE NAMED ******** ON DATA PggL TAPE. 

Contents o f  /XDPL/ does n o t  match contents  o f  Pool Tape. 

25 *** USER FATAL MESSAGE 25, PARAMETER NAMED ******** NPT DEFINED. 

Parameter i s  re fe renced  i n  n o n f u n c t i o n a l  module, b u t  i s  nowhere de f ined .  

26 *** USER FATAL MESSAGE 26, LABEL NAMED ******** NgT DEFINED. 

LABEL name does n o t  appear i n  LABEL i n s t r u c t i o n .  

27 *** USER WARNING MESSAGE 27, LABEL NAMED ******** NPT REFERENCED. 

LABEL name appears o n l y  i n  a LABEL i n s t r u c t i o n .  

28 *** SYSTEM FATAL MESSAGE 28, UNEXPECTED END @F TAPE gN NEW PROBLEM TAPE. 

E i t h e r  you  t r u l y  encountered an EgT o r  f i l e  l i n k a g e  has been des t royed  i n  /XFIST/, 
/XPFIST/ and/or /XXFIAT/. 

29 *** SYSTEM FATAL MESSAGE 29, UNEXPECTED END @F TAPE ON PLD PRgBLEM TAPE. 

F i l e  l i n k a g e  has been des t royed  i n  /XFIST/, /XPFIST/ and/or /XXFIAT/. 

30 *** SYSTEM FATAL MESSAGE 30, UNEXPECTED END OF TAPE PN DATA PPOL TAPE. 

See Message 28. 

31 *** SYSTEM FATAL MESSAGE 31, CPNTROL FILE ******** INCPMPLETE flR MISSING ON NEW PRPBLEM TAPE. 

Data b l o c k  XCSA i s  n o t  i n  c o r r e c t  fo rmat  o r  i t  i s  m iss ing .  

32 *** USER FATAL MESSAGE 32, FILE NAMED ******** MUST BE DEFINED PRIOR TO THIS INSTRUCTIPN. 

See Sec t ion  5.2 o f  t h e  User ' s  Manual. 

33 *** SYSTEM FATAL MESSAGE 33, NAME (********) I N  NEW CONTRPL FILE DICTIgNARY NPT VALID. 

F i r s t  record  o f  d a t a  b l o c k  XCSA on Problem Tape con ta ins  a name which i s  n o t  recognized 
by XGPI module. 

34 *** SYSTEM FATAL MESSAGE 34, CANNOT TRANSLATE DMAP INSTRUCTION NO.***. 

E r r o r  i n  subrou t ine  XSCNDM o r  XRCARD. 
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35 *** USER FATAL MESSAGE 35, INCPRRECT @LlI PRBBLEM TAPE MPUNTED. I D  @F TAPE MPUNTED = ********, 
********,**,I**/** FILE =***. ID DF r / iPi  D E S I R E D  .= ******AX * k k x i : X k k , * ~ / ~ * / * *  FILE: = e k *  

Wrong r e e l  mounted f o r  m u l t i  r e e l  Proble~r i  Tape. 

36 *** SYSTEM FATAL MESSAGE 36, CANNPT FIND FILE MMED ******** fJN gLD PRgBLEM TAPE. 

Header r e c o r d  o f  f i l e  on Problem Tape does n o t  match f i l e  name i n  r e s t a r t  d i c t i o n a r y .  

37 *** USER WARNING MESSAGE 37, WARNING gIULY - MAY NgT BE ENBUGH FI!.LS AVAILPBt E FOR MPDULE 
REQUIREMENTS. FILES NEEDED = *** FILES AVAILABLE = ***. 
Program w i l l  execute i f  enough da ta  b locks  re fe renced  by the  module a re  purged. Purged 
da ta  b locks  are n o t  ass igned f i l e s .  

38 *** SYSTEM FATAL MESSAGE 38, N@T ENPUGH CPRE FPR GPI TABLES 

User must break up DMAP program. 

39 *** SYSTEM FATAL MESSAGE 39, RIGID FgRMAT DMAP SEQUENCE DPES NPT CgRRESPflND TO MED TABLE. 

The MED Table must have t h e  same number o f  e n t r i e s  as the re  a re  DMAP i n s t r u c t i o n s  i n  
DMAP sequence. 

40 *** USER FATAL MESSAGE 40, ERRPR I N  ALTER DECK - CANNflT FIND END @F DMAP INSTRUCTION. 

User shou ld  check ALTER p a r t  o f  the  Execu t i ve  Con t ro l  Deck. 

41 *** SYSTEM FATAL MESSAGE 41, TABLES INCgRRECT FgR REGENERATING DATA BLPCK ********. 
F i l e  Name Table and MED Table used by r o u t i n e  XFLDEF are wrong. 

42 *** USER WARNING MESSAGE 42, PARAMETER NAMED ******** ALREADY HAD VALUE ASSIGNED PREVIgUSLY. 

Parameter appears i n  a p rev ious  i n s t r u c t i o n  which assigned i t  a va lue.  

44 *** USER FATAL MESSAGE 44, UNABLE T@ FIND END DMAP INSTRUCTIflN. 

User has a l t e r e d  o u t  t h e  END i n s t r u c t i o n .  

45 *** USER FATAL MESSAGE 45, DATA BLgCK NAMED ******** ALREADY APPEARED AS PUTPUT flR WAS USED 
AS INPUT BEFPRE BEING DEFINED. 

See Sec t ion  5.2 o f  t h e  User 's  Manual. 

46 *** USER FATAL MESSAGE 46, INCORRECT REENTRY PPINT 

The l a s t  r e e n t r y  c a r d  i n  t h e  r e s t a r t  d i c t i o n a r y  has a DMAP i n s t r u c t i o n  number g r e a t e r  
than  t h e  i n s t r u c t i o n  number on t h e  END card  o f  the DMAP program. 

47 *** USER FATAL MESSAGE 47, THIS INSTRUCTIDN CANNgT BE FIRST INSTRUCTIfIN @F LOOP. 

CHKPNT DMAP i n s t r u c t i o n  must n o t  f o l l o w  a LABEL ins:, , l~ t ioe3  which i s  l o c a t e d  a t  t h e  top  
o f  a loop .  
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48 *** USER WARNING MESSAGE 48, DATA BLPCK ******** IS ALWAYS REGENERATED, THEREFPRE I T  WILL NPT 
BE CHECKP@INTED, 

Th is  data b lock  i s  generated by I n p u t  F i l e  Processors ( IFP)  and must n o t  be checkpointed 
t o  i n s u r e  p roper  r e s t a r t .  

49 *** SYSTEM FATAL MESSAGE 49, MPL TABLE (MPDULE PROPERTIES LIST) I S  INCPRRECT. 

E r r o r  i s  i n  common b lock  /XGP12/. 

50 *** SYSTEM FATAL MESSAGE 50, CANNPT FIND JUMP PSCAR ENTRY NEEDED F@R THIS RESTART. 

There must be a dummy JUMP i n s t r u c t i o n  be fo re  every LABEL i n s t r u c t i o n  a t  top  o f  a loop  
f o r  r i g i d  formats.  

51 *** SYSTEM FATAL MESSAGE 51, NPT ENOUGH @PEN CPRE FVR XGPIBS RPUTINE. 

Addi ti onal  core memory i s  r e q u i  red .  

52 *** SYSTEM FATAL MESSAGE 52, NAMED C@&IP)N /XLINK/ I S  T@fl SMALL. 

There must be one word i n  LINK t a b l e  f o r  every e n t r y  i n  MPL. 

53 *** USER FATAL MESSAGE 53, INCgRRECT FPRMAT I N  ABBVE CARD. 

201 *** USER FATAL MESSAGE 201, REQUESTED BULK DATA DECK ********, NgT BN USER MASTER FILE. 

Requested UMF problem i d e n t i f i c a t i o n  number n o t  found on c u r r e n t l y  mounted UMF tape. 

202 *** SYSTEM FATAL MESSAGE 202, UMF CPULD NPT BE OPENED. 

User Master F i l e  (UMF) n o t  p r e s e n t  (dest royed)  i n  FIST. 

203 *** SYSTEM FATAL MESSAGE 203, ILLEGAL EOR @N UMF. 

User Master F i l e  (UMF) c o n t a i n s  no records  i n  reques ted  f i l e .  

204 *** USER FATAL MESSAGE 204, COLD START, Nfl BULK DATA. 

No d a t a  cards were found a f t e r  t h e  BEGIN BULK card.  A b lank c a r d  w i l l  s a t i s f y  t h i s  r u l e .  

205 *** USFR WARNING MESSAGE 205, CPLD START, DELETE CARDS IGNPRED. 

Delete (1)  cards were p r e s e n t  and i g n o r e d  w i t h i n  t h e  Bulk  Data Deck. 

206 *** USER FATAL MESSAGE 206, PREVIBUS CPNTINUATIPN MNEMPNIC HAS A DUPLICATE, 

Two o r  more c o n t i n u a t i o n  cards were found w i t h  column 2-8 i d e n t i c a l .  

207 *** USER INFO MESSAGE 207, BULK DATA NOT SPRTED, XSBRT WILL REBRDER DECK. 

Bulk  Data Deck was n o t  i n  alpha-numeric s o r t .  S o r t i n g  w i l l  be performed. S o r t i n g  o f  
l a r g e  deck can be t i m e  consuming. 
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208 *** USER FATAL MESSAGE 208, PREVIgUS CARD IS  A DUPLICATE PARENT. 

Two o r  more cards were found w i t h  column 74-80 i d e n t i c a l  and a c o n t i n u a t i o n  c a r d  i s  
p r e s e n t  w i t h  t h a t  mnemoni c (column 2-8) .  

209 *** USER FATAL MESSAGE 209, PREVIOUS **** CgNTINUATIgN CARDS HAVE NO PARENTS. 

One o r  more c o n t i n u a t i o n  cards were found w i t h  a mnemonic (column 2 -8 )  n o t  match ing  any 
o t h e r  c a r d  (column 74-80). 

210 *** SYSTEM FATAL MESSAGE 210, SCRATCH CgULD NPT BE OPENED. 

One o f  t h e  r e q u i r e d  s c r a t c h  f i l e s  was n o t  p r e s e n t  (dest royed)  i n  FIST. 

211 *** SYSTEM FATAL MESSAGE 211, ILLEGAL EOR @N SCRATCH. 

A r e q u i r e d  s c r a t c h  f i l e  was f o r m a t t e d  improper l y .  

212 *** SYSTEM FATAL MESSAGE 212, ILLEGAL E@F @N ITAPE4. 

Scra tch  f i  1e c o n t a i n i n g  c o n t i n u a t i o n s  was mi s p o s i t i  oned. 

213 *** SYSTEM FATAL MESSAGE 213, ILLEGAL EOF ON OPTP. 

O ld  Problem Tape con ta ined  no b u l k  d a t a  ( i l l e g a l  f o r m a t ) .  

214 *** SYSTEM FATAL MESSAGE 214, OPTP COULD N@T BE OPENED, 

O l d  Problem Tape (OPTP) n o t  p resen t  (des t royed)  i n  FIST. 

215 *** SYSTEM FATAL MESSAGE 215, NPTP COULD NOT BE OPENED. 

New Problem Tape (NPTP) n o t  p resen t  (des t royed)  i n  FIST. 

21 6 *** SYSTEM FATAL MESSAGE 216, ILLEGAL INDEX. 

FgRTRAN computed-GO-TO has r e c e i  ved an i l l o g i c a l  va lue .  

303 *** SYSTEM FATAL MESSAGE 303, N@ OPEN CORE FOR IFP. 

Over lay s t r u c t u r e  must be rede f ined .  

304 *** SYSTEM FATAL MESSAGE 304, IFP NOT READING NPTP **** ****. 
S e l f  exp lana to ry .  The header r e c o r d  o f  f i f t h  f i l e  i s  p r i n t e d .  

305 *** SYSTEM FATAL MESSAGE 305, GIN@ CANNgT @PEN FILE ******. 
Unexpected nonstandard r e t u r n  f rom @PEN. 

306 *** SYSTEM FATAL MESSAGE 306, READ LflGIC RECgRD ERROR. 

S h o r t  r e c o r d  encountered. Bulk  d a t a  c a r d  images occupy 20 words. 

307 *** USER FATAL MESSAGE 307, ILLEGAL NAME FDR BULK DATA CARD ******. 
See Sec t ion  2 .4  o f  t h e  User ' s  Manual. 
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308 *** USER FATAL MESSAGE 308, CARD ****** NPT ALLISWED IN ****** APPRPACH 

See Sectian 2.4 o f  the  User's Manual. 

309 *** USER WARNING MESSAGE 309, CARD ****** IMPRPPER I N  ******** APPRPACH. 

See Sect ion 2.4 o f  t he  User's Manual. 

310 *** USER FATAL MESSAGE 310, CARD ****** NOT ALLOWED I N  SAME DECK AS AXIC CARD. 

See Sect ion 2.4 o f  the  User's Manual. 

311 *** USER FATAL MESSAGE 311, NflNUNIQUE FIELD 2 PIN BULK DATA CARD ******** ***. 
Sorted bulk data card i nd i ca ted  must have a unique i n tege r  i n  f i e l d  2. 

312 *** USER FATAL MESSAGE 312, TO$ MANY CONTINUATIONS FOR BULK DATA CARD ******. 
See bu lk  data card desc r i p t i on  i n  Section 2.4 o f  the User's Manual. 

313 *** USER FATAL MESSAGE 313, ILLEGAL NUMBER OF WORDS ON BULK DATA CARD ******. 
See bulk data card desc r i p t i on  i n  Section 2.4 o f  the User's Manual. 

314 *** SYSTEM FATAL MESSAGE 314, INVALID CALL FRgM IFP ******. 
Code e r r o r ,  machine f a i l u r e ,  o r  c e l l  i s  being destroyed. 

315 *** USER FATAL MESSAGE 315, FflRMAT ERROR ON BULK DATA CARD ******. 
See bu lk  data card desc r i p t i on  i n  Section 2.4 o f  the User's Manual. 

316 *** USER FATAL MESSAGE 316, ILLEGAL DATA ON BULK DATA CARD ******. 
See bu lk  data card desc r i p t i on  i n  Section 2.4 o f  the User's Manual. 

319 *** SYSTEM FATAL MESSAGE 319, IFP READING E$F flN NPTP. 

Unexpected EOF encountered wh i le  at tempt ing t o  read a card image. 

320 *** USER FATAL MESSAGE 320, IFP ERROR ****** LAST CARD PRflCESSED I S  ******. 
Code e r r o r  i n  IFP o r  XS0RT. 

321 *** USER FATAL MESSAGE 321, NONUNIQUE PARAM NAME *****. 
A l l  names o f  parameters must be unique. 

322 *** SYSTEM FATAL MESSAGE 322, ILLEGAL ENTRY TO IFS1 P. 

IFP code e r ro r .  

323 *** SYSTEM FATAL MESSAGE 323, ILLEGAL ENTRY Tg IFS2P. 

I F P  code e r ro r .  
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324 *** USER WARNING MESSAGE 324, BLANK CARD(S) IGNPRED. 

Blank b u l k  d a t a  cards a re  i g n o r e d  by NASTRAN. 

325 *** USER FATAL MESSAGE 325, BAD DATA @R FPRMAT fJK NgNUNIQUE NAME. DM1 ******. 
See b u l k  d a t a  c a r d  d e s c r i p t i o n  i n  Sec t ion  2.4 o f  the  User ' s  Manual. 

326 *** SYSTEM FATAL MESSAGE 326, N@ RPgM I N  /XDPL/ F0R DM1 ******. 
Over f low of Data Pool Table. See Sec t ion  2 o f  t h e  Programmer's Manual. 

327 *** USER FATAL MESSAGE 327, BAD DATA P)R FPRMAT @R NPNUNIQUE NAME. DMIG ******. 
See b u l k  d a t a  c a r d  d e s c r i p t i o n  i n  Sec t ion  2.4 o f  the  User ' s  Manual. 

328 *** SYSTEM FATAL MESSAGE 328, ILLEGAL ENTRY T@ IFS3P. 

IFP code e r r o r .  

329 *** USER FATAL MESSAGE 329, PNLY PNE (1 )  AXIC CARD ALLPWED. 

See b u l k  da ta  c a r d  d e s c r i p t i o n  i n  S e c t i o n  2.4 o f  t h e  User ' s  Manual. 

330 *** SYSTEM FATAL MESSAGE 330, Ng RPBM I N  CPRE FPR PARAM CARDS. 

Change over1 ay o r  i ncrease core s i  ze. 

331 *** USER FATAL MESSAGE 331, IMPRffPER PARAM CARD ******. 
See b u l k  d a t a  c a r d  d e s c r i p t i o n  i n  S e c t i o n  2.4 o f  t h e  User ' s  Manual. 

332 *** USER FATAL MESSAGE 332, AXIC CARD REQUIRED. 

The presence o f  any c o n i c a l  s h e l l  d a t a  cards r e q u i r e s  the  presence o f  an AXTC card.  
See t h e  AXIC b u l k  da ta  c a r d  d e s c r i p t i o n  i n  S e c t i o n  2.4 o f  t h e  User ' s  Manual. 

501 *** SYSTEM FATAL MESSAGE 501, MED TABLE INCPRRECT FBR THIS SgLUTIPN. 

I n p u t  t o  s u b r o u t i n e  XSBSET i s  i n c o r r e c t .  Look f o r  fo rmat  e r r o r  i n  a r r a y  SS. 

502 *** USER FATAL MESSAGE 502, ILLEGAL SUBSET NUMBER FPR THIS S0LUTIP)N. 

User s p e c i f i e d  an i n c o r r e c t  subset number on S0L c o n t r o l  card.  

503 *** USER FATAL MESSAGE 503, ILLEGAL SflLUTIPN NUMBER. 

User s p e c i f i e d  an i n c o r r e c t  s o l u t i o n  number on SPL c o n t r o l  ca rd .  

504 *** USER FATAL MESSAGE 504, CANNfJT CHANGE FRPM SPLUTION *** TP SP)LUTI@N ***. 

505 *** USER FATAL MESSAGE 505, CP)NTRoL CARD **** I S  ILLEGAL. 

Card p reced ing  Message 505 cannot be processed c o r r e c t l y  
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506 *** USER FATAL MESSAGE 506, CONTRDL CARD **** DUPLICATED. 

Card preceding Message 506 cannot be i n p u t  more than  once. 

507 *** USER FATAL MESSAGE 507, ILLEGAL SPECIFICATI@N OR FORMAT f9N PRECEDING CARD. 

508 *** USER FATAL MESSAGE 508, PROBLEM TAPE MUST BE PN PHYSICAL TAPE FOR CHECKPOINTING. 

User reques ted  c h e c k p o i n t i n g  (i .e., CHKPNT YES) t h e r e f o r e  Problem Tape must be setup 
on tape d r i v e .  

509 *** USER FATAL MESSAGE 509, WRONG OLD PROBLEM TAPE MOUNTED. OLD PROBLEM TAPE I D  = ********, 
********,**/**/**, REEL NO. = **+re 

The O ld  Problem Tape i d e n t i f i c a t i o n  does n o t  match the  i d e n t i f i c a t i o n  on the  RESTART 
r e s t a r t  card.  

510 *** SYSTEM FATAL MESSAGE 510, CHECKPOINT DICTIgNARY EXCEEDS C@RE SIZE - REMAINING RESTART 
CARDS IGNORED. 

You have r u n  o u t  o f  open core.  I f  approach i s  DMAP try p u t t i n g  r e s t a r t  deck be fo re  DMAP 
sequence. I f  t h i s  does n o t  s o l v e  problem, o r  i f  approach i s  n o t  DMAP, then you  must 
decrease s i z e  o f  r e s t a r t  deck. 

511 *** SYSTEM FATAL MESSAGE 511, DMAP SEQUENCE EXCEEDS CP)RE SIZE - REMAINING DMAP INSTRUCTIflNS 
IGNORED. 

You have r u n  o u t  o f  open core.  S p l i t  the DMAP sequence somewhere p r i o r  t o  where Message 
511 was p r i n t e d  o u t .  

512 *** USER FATAL MESSAGE 512, OLD PROBLEM TAPE I S  MISSING AND I S  NEEDED FOR RESTART. 

The Problem Tape corresponding t o  i d e n t i f i c a t i o n  on RESTART c o n t r o l  c a r d  must be setup on 
t h e  u n i t  ass igned t o  t h e  O ld  Problem Tape. 

513 *** USER FATAL MESSAGE 513, ALTER SEQUENCE NUMBERS ARE PUT OF ORDER. 

514 *** USER FATAL MESSAGE 514, ENDALTER CARD IS  MISSING. 

A l t e r  deck must end w i t h  ENDALTER c o n t r o l  card.  

515 *** USER FATAL MESSAGE 515, END INSTRUCTIPN MISSING I N  DMAP SEQUENCE. 

DMAP sequence must end w i t h  END c o n t r o l  card.  

516 *** USER FATAL MESSAGE 516, UMF TAPE MUST BE MOUNTED ON PHYSICAI TAPE DRIVE. 

The UMF tape must be setup on t h e  u n i t  assigned t o  i t. 

517 *** USER FATAL MESSAGE 517, WRONG UMF TAPE MBUNTED - TAPE I D  = ****. 
The tape i d e n t i f i c a t i o n  number on the UMF tape does n o t  match t h e  tape i d e n t i f i c a t i o n  
number on the  UMF c o n t r o l  card.  

518 *** USER FATAL MESSAGE 518, CANNDT USE UMF TAPE FgR RESTART. 
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519 *** USER FATAL MESSAGE 519, I D  CARD MUST PRECEDE ALL PTHER CPNTROL CARDS 

520 *** USER FATAL MESSAGE 520, CflNTRgL CARD **** I S  MISSING. 

The c o n t r o l  c a r d  ment ioned i s  r e q u i r e d  f o r  t h i s  problem. 

521 *** USER FATAL MESSAGE 521, SPECIFY A SOLUTION flR A MAP SEQUENCE BUT NOT BflTH. 

Your must e i t h e r  s e l e c t  a DMAP sequence f rom the  l i b r a r y  by us ing  t h e  SgL c o n t r o l  c a r d  
o r  by s u p p l y i n g  y o u r  own DMAP sequence. Do one o r  t h e  o t h e r ,  b u t  n o t  bo th .  

522 *** USER FATAL MESSAGE 522, NEITHER A SPL CARD NflR A DMAP SEQUENCE WAS INCLUDED. 

See Message 521. 

523 *** USER FATAL MESSAGE 523, ENDALTER CARD OUT OF ORDER. 

ENDALTER c o n t r o l  c a r d  must be preceded by t h e  ALTER DECK. 

524 *** SYSTEM FATAL MESSAGE 524, ALTERNATE RETURN TAKEN WHEN P)PENING FILE ****. 
T h i s  occurs  i f  f i l e  name i s  n o t  i n  FIST o r  t h e  end o f  tape was reached w h i l e  w r i t i n g  on 
t h e  f i l e .  The f i l e  name should correspond t o  one o f  t h e  permanent e n t r i e s  i n  t h e  FIST. 

525 *** SYSTEM FATAL MESSAGE 525, ILLEGAL FgRMAT ENCOUNTERED WHILE READING FILE ****. 
F i l e  i s  n o t  i n  t h e  c o r r e c t  format. E i t h e r  t h e  wrong tape  was mounted o r  i t  does n o t  
c o n t a i n  what y o u  t h i n k  i t  should. 

526 *** USER FATAL MESSAGE 526, CHECKPgINT D1CTIP)NARY flUT flF SEQUENCE - REMAINING RESTART CARDS 
IGNORED. 

The checkpo in t  d i c t i o n a r y  which f o l l o w s  the  RESTART c o n t r o l  c a r d  must be sequenced 
accord ing  t o  f i r s t  number on each card.  

601 *** USER FATAL MESSAGE 601, THE KEYWBRD flN THE ABOVE CARD I S  ILLEGAL OR MISSPELLED. 
SEE THE FOLLOWING LIST FflR LEGAL KEY WflRDS. 

Case c o n t r o l  expects  each card t o  beg in  w i t h  a keyword ( u s u a l l y  4 c h a r a c t e r s  i n  l e n g t h ) .  
Your c a r d  does n o t .  User Message 612 w i l l  l i s t  the  l e g a l  keywords a long w i t h  a b r i e f  
d e s c r i p t i o n  o f  f u n c t i o n .  To remove t h e  e r r o r ,  c o n s u l t  Message 612 o r  NASTRAN case 
c o n t r o l  c a r d  d e s c r i p t i o n s  , User ' s  Manual S e c t i o n  2.3, and s p e l l  y o u r  reques t  c o r r e c t l y .  

602 *** USER WARNING MESSAGE 602, TWO OR MORE flF THE ABOVE CARD TYPES DETECTED WHERE ONLY ONE 
I S  LEGAL. THE LAST FOUND WILL BE USED. 

Remove t h e  c a r d  w i t h  t h e  d u p l i c a t e  meaning. Note t h a t  some cards have a1 t e r n a t e  forms.  

603 *** USER FATAL MESSAGE 603, THE ABflVE CARD DOES NflT END PRflPERLY. COMMENTS SHOULD BE 
PRECEDED BY A DOLLAR SIGN. 

Case c o n t r o l  cards o f  t h e  form, name = va lue,  shou ld  n o t  c o n t a i n  more than  one va lue .  
Consu l t  y o u r  NASTRAN Case Cont ro l  Deck document, User ' s  Manual S e c t i o n  2.3, f o r  a 
complete d e s c r i p t i o n  o f  t h e  c a r d  o r  precede y o u r  comnents w i t h  a do1 l a r  s i g n .  
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604 *** USER FATAL MESSAGE 604, THE ABgVE CARD HAS A N@NINTEGER I N  AN INTEGER FIELD. 

Consul t  y o u r  NASTRAFl Case C o n t r o l  Deck document, User ' s  Manual S e c t i o n  2.3,  f o r  l e g a l  
v d l  ues . 

605 *** USER FATAL MESSAGE 605, A SYMSEQ OR SUBSEQ CARD APPEARS WITHBUT A SYMCBM flR SUBCgM CARD. 

SYMSEQ o r  SUBSEQ cdrds must appear i n  a subcase d e f i n e d  by a SYMC@M o r  SUBCOM card. 
e Check y o u r  Case Cont ro l  Deck o r d e r  and r e l a b e l  y o u r  combinat ion subcase. 

606 *** USER FATAL MESSAGE 606, A REQUEST FBR TEMPERATURE DEPENDENT MATERIALS OCCURS AT THE 
SUBCASE LEVEL. ONLY gNE ALLOWED PER PROBLEM. 

Only one temperature f i e l d  f o r  m a t e r i a l s  i s  a l lowed per  NASTRAN r u n .  The l a s t  
s p e c i f i e d  will be used f o r  the  e n t i r e  run .  I f  a d d i t i o n a l  ones a r e  des i red ,  a m o d i f i e d  
r e s t a r t  i s  i n  o rder .  

607 *** USER FATAL KESSAGE 607, A REPCASE SUBCASE MUST BE PRECEDED BY A SUBCASE OR SYM SUBCASE. 

A REPCASE subcase i s  an a t tempt  t o  r e o u t p u t  t h e  p r e v i o u s l y  computed case, t h e r e f o r e  i t  
cannot  LP the f i r s t  subcase. 

608 *** USER FATAL MESSAGE 608, THE SET I D  SPECIFIED @N THE ABOVE CARD MUST BE DEFINED PRI@R 
TO THIS CARD. 

Set i d e n t i f i c a t i o n  numbers must be s p e c i f i e d  p r i o r  t o  t h e i r  use. A lso  s e t s  s p e c i f i e d  
w i t h i n  a subcase d i e  a t  the  end o f  t h e  subcase. Redefine s e t  ( o r  d e f i n e  s e t )  o r  move 
s e t  o u t  o f  subcase. 

609 *** USER FATAL MESSAGE 609, SUBCASE DELIMITER CARDS MUST HAVE A UNIQUE IDENTIFYING INTEGER. 

Subcase type  cards must have an i d e n t i f y i n g  i n t e g e r .  These numbers must be s t r i c t l y  
i n c r e a s i n g .  Renumber y o u r  subcase cards.  The use o f  a nonblank d e l i m i t e r  (e.g.,  "=") 
wi 11 a l s o  cause t h i s  message t o  occur .  

610 *** USER FATAL MESSAGE 610, THE VALUE FBLLgWING THE EQUAL SIGN I S  ILLEGAL. 

Case c o n t r o l  cannot i d e n t i f y  t h e  BCD value a f t e r  t h e  equal s i g n .  Consu l t  NASTRAN case 
c o n t r o l  ca rd  d e s c r i p t i o n s ,  User ' s  Manual S e c t i o n  2.3, f o r  a f i l l  d e s c r i p t i o n  o f  the card.  

611 *** USER FATAL MESSAGE 611, TEN CARDS HAVE ILLEGAL KEY WPRDS. NASTRAN ASSUMES BEGIN BULK 
CARD I S  MISSING. I T  WILL NOW PRgCESS Y@UR BULK DATA. 

Only t e n  key words may be ni isspel l e d .  A cchnmon source o f  t h i s  e r r o r  may be t h e  omiss ion 
o f  the  OUTPUT(PLOT) o r  gUTPUT (XYOUT) d e l i m i t e r  cards.  

612 *** USER FATAL MESSAGE 612, --LIST OF LEGAL CASE CgNTROL MNEMBNICS. 

Th is  message i s  caused by Messages 601 o r  611, 

613 *** USER FATAL MESSAGE 613, THE ABOVE SET CBNTAINS 'EXCEPT' WHICH I S  NOT PRECEDED BY 'THRU'. 

Only i d e n t i f i c a t i o n  numbers i n c l u d e d  i n  THRU statements may be excepted. S i m p l i f y  your  
SET reques t .  

614 *** USER FATAL MESSAGE 614, THE ABBVE SET I S  BADLY SPECPT'IED. 

The grammar o f  t h e  SET l i s t  i s  so confused t h a t  IFP l  cannot con t inue .  S i m p l i f y  the SET 
l i s t ,  
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615 *** USER FATAL MESSAGE 615, AN IMPRgPER @R N(4 NAME GIVEN T@ THE ABPVE SET. 

SET l i s t s  must have i n t ~ g p r  names. T h i s  SET l i s t  does r io t  have one. SET 70 = i s  t h e  
c o r r e c t  fo rmat .  G ive  t h e  SET a c o r r e c t  i n t e g e r  name. 

616 *** USER FATAL MESSAGE 616, 'EXCEPT' CANNOT BE FOLLgWED BY 'TIiRU'. LIST EXPLICIT1.Y ALL 
EXCEPTIONS . 
EXCEPT i n  SET l i s t  can o n l y  be f o l l o w e d  by i n t e g e r s .  An i n t e g e r  l a r g e r  than THRU p a i r  
te rm ina tes  THRU. E i t h e r  l i s t  excep t ions  e x p l i c i t l y ,  use 2 'TI-lRU1s o r  te rm ina te  f i r s t  
THRU. 

617 *** USER FATAL MESSAGE 617, A NPNPgSITIVE INTEGER APPEARS I N  A PgSITIVE POSIIZ@N 

Most i n t e g e r  va lues i n  case c o n t r o l  must he p o s i t i v e .  The above c a r d  e i t h e r  has a 
nega t i ve  i n t e g e r  o r  a BCD value i n  a p o s i t i v e  p o s i t i o n .  Check t h e  Case Cont ro l  Deck 
documentat ion i n  S e c t i o n  2.3 o f  t h e  User ' s  Manual t o r  t h e  p r o p e r  c a r d  fonnat.  

618 *** USER FATAL MESSAGE 618: PLPTTER OUTPUT I S  REQUESTED BUT Nj8 PLgT TAPE I S  SET UP. 

N e i t h e r  PLTl o r  PLT2 i s  a p h y s i c a l  tape. Remove t h e  p l o t  c o n t r o l  packet o r  s e t  up t h e  
a p p r o p r i a t e  tape .  

619 *** USER WARNING MESSAGE 619, SET MEMBER *** BELONGS Tg *** THRU ***. 
A s e t  member i s  a l ready  i n c l u d e d  i n  a THRU. The i n d i v i d u a l  member w i l l  be absorbed i n  
the  THRU. 

620 *** USER WARNING MESSAGE 620, DUPLICATE *** IS I N  SET LIST, 

A s e t  member i s  l i s t e d  t w i c e .  The second re fe rence  w i l l  be d e l e t e d  

621 *** USER WARNING MESSAGE 621, INTERVAL *** THRU *** gVERLAPS INTERVAL .k** THRU ***. THE 
MAXIMUM INTERVAL WILL BE USED. 

625 *** USER FATAL MESSAGE 625, SUBCASE I D ' S  MUST BE LESS THAN 99,999,999. 

Reduce t h e  s i z e  o f  y o u r  subcase i d e n t i f i c a t i o n  number. Note a l s o  t h a t  BCU subcase 
i d e n t i f i c a t i o n  numbers are n o t  l e g a l .  

675 *** USER FATAL ERROR MESSAGE 675, AB@VE CARD D$ES Ne;T BEGIN WITH A NPNNUMERLC bi@RD. 

676 *** USER FATAL ERRgR MESSAGE 676, **** I S  NOT RECgGNIZED @ N  AB@VE CARD. 

677 *** USER FATAL EDiRPR MESSAGE 677, ILLEGAL VALUE SPECIFIED. 

678 *** USER FATAL ERROR MESSAGE 678, '** r4NXADTCTS PREVIOUS DEFIFJZTI@N 

679 *** USER FATAL ERR@R MESSAGE 6 7 3 ,  1irER ILLEGALLY USED. 

680 *** USER FATAL ERROR MESSAGE 680, **** ILLEGAL I N  STATEMENT, 

I S  fl-LrG41 681 *** USER FATAL ERRgR MESfAtlt , i , " k * y  - 
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6 8 2  *** USER FATAL ERR,@R MESSAGE 6 8 2 ,  **** I S  ILLEGAL I N  STATEMENT. 

6 8 3  *** USER FATAL ERROR MESSAGE 6 8 3 ,  T@O MANY SUBCASES. MAXIMUM = 200 DN ANY ONE XY-@UTPUT 
CflWANB CARD. 

6 8 4  *** USER FATAL ERR0R MESSAGE 684 ,  SUBCASE-ID I S  LESS THAN 1 OR I S  NOT I N  ASCENDING ORDER. 

6 8 5  *** USER FATAL ERRflR MESSAGE 6 8 5 ,  **** = PPINT @R ELEMENT ID I S  I L L E G A L  (LESS THAN 1 ) .  

6 8 6  *** USER FATAL ERRflR MESSAGE 686 ,  NEGATIVE @R ZERg CgMPBNENTE ARE ILLEGAL.  

6 8 7  *** USER FATAL ERRDR MESSAGE 687 ,  ALPHA-CflPiP@MENTS ARE N0T PREMITTED FOR STRESS flR FORCE 
XY-flUTPUT REQUESTS. 

6 8 8  *** USER FATAL ERRflR MESSAGE 688 ,  **** CPMPPNEII'T NAME NfJT RECPGMIZED. 

6 8 9  *** USER FATAL ERRflR MESSAGE 6 8 9 ,  LAST CARD ENDED WITH A DELTMETER BUT N@ CONTINUATIgN CARD 
WAS PRESENT. 

6 9 0  *** USER FATAL ERRgR MESSAGE 6 9 0 ,  TYPE $IF CURVE WAS NfJT SPECIFIED.  (E.G. DISPLACEMENT, 
STRESS, ETC. ) .  

6 9 1  *** USER FATAL ERRflR MESSAGE 6 9 1 ,  M@RE THAN 2 OR UNEQUAL NUMBER OF CgMPflNENTS FPR I D E N T I F I C A -  
T I P N  NUMBERS WITHIN A SINGLE FRAME. 

6 9 2  *** USER FATAL ERROR MESSAGE 6 9 2 $  XY-OUTPUT CflMMAND I S  INCfPlPLETE. 

6 9 3  *** USER FATAL ERROR MESSAGE 693 ,  INSUFFICIENT CgXE FPR SET T.4BLE. 

6 9 4  *** USER FATAL ERROR MESSAGE 694 ,  AUTB @R PSDF REQUESTS MAY NBT USE S P L I T  FRAME, THUS BNLY 
DNE CflMPBNENT PER I D  I S  PERMITTED. 

6 9 5  *** USER FATAL ERROR MESSAGE 6 9 5 ,  CBMPONENT VALUE = **" IS I LLEGAL F@K AUTO @R PSDF VECTOR 
REQIJESTS . 

9 6 9  *** USER FATAL ERRgK MESSAGE 9 6 9 ,  CBFIYPDNEhI VALUE = X"*" 65 IL'-EGAL FBk VECTBR TYPE SPECIFI 'EP* 

9 7 5  *** USER WARNING MESSAGE 9 7 5 ,  XYTRAN W E S  N g i  KEC@l;%lZE **** AND I S  IGNEIRING. 

9 7 6  *** USER WARNING MESSAGE 9 7 6 ,  PjlJTPUT DATA BL$?CK w"* IS PURGED. XYTRAN WXLL PR&ICESS ALL 
REQUESTS $TMER THAN PLflT. 
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978 *** USER WARNING MESSAGE 978, XYTRAN MODULE FINDS DATA BLOCK (****) PURGED, NULL, OR 
INADEQUATE, AND I S  IGNORING XY-!BUTPUT REQUEST FOR - **** - CURVES. 

979 *** USER WARNING MESSAGE 979, AN XY-PUTPUT REQUEST FOR POINT OR ELEMENT I D  **** - **** - 
CURVE I S  BEING PASSED PVER. THE I D  COULD NOT BE FOUND I N  DATA BLOCK ****. 

980 *** USER WARNING MESSAGE 980, INSUFFICIENT CORE TO HANDLE ALL DATA FOR ALL CURVES OF THIS 
FRAME I D  = **** COMPONENT = **** DELETED FROM OUTPUT. 

981 *** USER WARNING MESSAGE 981, COMPPNENT = **** FOR I D  = **** IS  TO@ LARGE. THIS CPMPONENTS 
CURVE NOT PUTPUT. 

982 *** USER WARNING MESSAGE 982, FORMAT OF SDR3 INPUT DATA BLOCK **** DOES NOT PERMIT 
SUCCESSFUL SORT2 PROCESSING. 

983 *** USER WARNING MESSAGE 983, SDR3 HAS INSUFFICIENT CORE TO PERFORM SORT2 ON INPUT DATA BL0CK 
**** @R DATA BLOCK I S  NOT IN CORRECT FORMAT. 

984 *** USER WARNING MESSAGE 984, SDR3 FINDS @UTPUT DATA BLPCK **** PURGED. 

985 *** USER WARNING MESSAGE 985, SDR3 FINDS SCRATCH **** PURGED. 

986 *** USER WARNING MESSAGE 986, INSUFFICIENT CORE FOR SDR3 

991 *** USER WARNING MESSAGE 991, XYPLOT INPUT DATA FILE **** N0T F0UND. XYPLOT ABANDgNED. 

The i n p u t  da ta  f i l e  p robab ly  has been purged and t h e r e  were no p l o t s  t o  be done. 

992 *** USER WARNING MESSAGE 992, XYPL@T INPUT DATA FILE I . D .  REC0RDS TO@ SHPRT. XYPLOT 
ABANDONED. 

The i n p u t  da ta  f i l e  records have i n v a l i d  word counts and f u r t h e r  p l o t t i n g  i s  n o t  f e a s i b l e .  

993 *** USER WARNING MESSAGE 993, XYPLgT FOUND PDD NO. @F VALUES FOR DATA PAIRS I N  FRAME ****, 
CURVE NO. ****. LAST VALUE IGNORED. 

May i n d i c a t e  a bad i n p u t  f i l e ,  b u t  p l o t t i n g  con t inues .  

994 *** USER WARNING MESSAGE 994, XYPLOT BUTPUT FILE NAME **** NOT FOUND. XYPLOT ABANDONED. 

A magnet ic  tape f o r  p l o t t i n g  has n o t  been p r o p e r l y  s e t  up and f u r t h e r  p l o t t i n g  i s  
useless.  

995 *** USER WARNING MESSAGE 995, XYPLOT HAS ILLEGAL PLgTTER NUMBER = **** FROM INPUT DATA FILE. 
PLOTTER NO. **** ASSUMED. 

Probable cause i s  the  user  rrot s e t t i n g  up t h e  p r o p e r  p l o t t e r  number i n  the  Case C o n t r o l  
Deck. The p l o t t i n g  w i l l  be done on t h e  p l o t t e r  most commonly used a t  t h e  i n s t a l l a t i o n .  
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996 *** USER WARNING MESSAGE 996, SPECIFIED PLPTTER PAPER SIZE TO@ SMALL. XYPLP)T ASSUVEZ 
DIMENSIgN IS 8 INCHES. 

Message i s  f o r  table  p l o t t e r  only. Assumption i s  made tha t  p l o t t e r  paper wi l l  be a t  
l e a s t  as large as s t a t e d .  In any event the table  p l o t t e r  wi l l  have an inch margin on 
a l l  s ides ,  

997 *** USER WARNING MESSAGE 997, NP). ***. FRAME N0. **** INPUT DATA INCgMPATIBLE. ASSUMPTIf9NS 
MAY PRODUCE INVALID PLfJT. 

Ng. *** may take any value from 1 to  4 w i t h  the  following meaning: 

1. Specified X maximum equal X minimum. I f  t h i s  value i s  zero ,  then X maximum i s  s e t  
t o  5.0 and X minimum t o  -5.0, otherwise 5 times the absolute value of X maximum i s  
added t o  X maximum and subtracted from X minimum. 

2. Specified X maximum i s  smaller  than X minimum. The values are  reversed. 

3. Same meaning as number 1 except f o r  Y maximum and Y minimum. 

4. Same meaning as number 2 except f o r  Y maximum and Y minimum. 

6.2.2 Executive Module Messages 

1001 *** SYSTEM FATAL MESSAGE 1001 , fJSCAR NP)T FPUND IN DPL. 
@SCAR f i l e  not present (destroyed) in Data Pool Dictionary. 

1002 *** SYSTEM FATAL MESSAGE 1002, OSCAR CPNTAINS NO MP)DULES. 

XSFA found no modules on @SCAR needing f i l e  a1 location.  

1003 *** SYSTEM FATAL MESSAGE 1003, Pf9P)L COULD Nf9T BE OPENED. 

Data Pool File (PflflL) not present (destroyed) in  FIST. 

1004 *** SYSTEM FATAL MESSAGE 1004, ILLEGAL EgF @N P@@L. 

End-Of-File encountered before OSCAR f i l e  reached on Data Pool. 

1011 *** SYSTEM FATAL MESSAGE 101 1 , MD @R SOS TABLE @VERFLP)W. 

Module description or  s e r i a l  @SCAR tab le  overflowed. 

1012 *** SYSTEM FATAL MESSAGE 1012, P0OL CP)ULD N@T BE OPENED. 

Data Pool Fi le  (P@P)L) not present (destroyed) in  FIST. 

1013 *** SYSTEM FATAL MESSAGE 1013, ILLEGAL EOR plN P@gL. 

@SCAR record has i l l ega l  format. 

1014 *** SYSTEM FATAL MESSAGE 1014, POOL FILE MIS-POSITIONED. 

@SCAR (POPL) f i l e  not a t  posit ion passed in  XSFA ca l l ing  sequence. 

1021 *** SYSTEM FATAL MESSAGE 1021, FIAT OVERFLPWED. 

FIAT /XFIAT/ Table overflowed - reduce number of logical  f i l e s .  See Section 2 of the 
Programmer's Manual . 
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1031 *** SYSTEM FATAL MESSAGE 1031 , DPL @VERFL@W. 

Data Pool D i c t i o n a r y  /XDPL/ over f lowed - inc rease  compl ied s i z e .  See Sec t ion  2 o f  the  
Programmer's Manual . 

1032 *** SYSTEM FATAL MESSAGE 1032, POOL @R FILE BEING P@JdLED/UN-POOLED COULD NOT BE OPENED. 

F i l e s  n o t  p r e s e n t  (des t royed)  i n  FIST. 

1033 *** SYSTEM FATAL MESSAGE 1033, ILLEGAL EOF ON FILE BEING POOLED. 

F i l e  be ing  poo led  has i l l e g a l  format .  

1034 *** SYSTEM FATAL MESSAGE 1034, ILLEGAL EflR ON FILE BEING POOLED. 

F i l e  be ing  p o o l e d  has i l l e g a l  fo rmat  (bad header) .  

1035 *** SYSTEM FATAL MESSAGE 1035, EQUIV INDICATED, NONE FOUND. 

F i l e  (da ta  b l o c k )  equiva lence n o t  found as i n d i c a t e d  by  XSFA. 

1041 *** SYSTEM FATAL MESSAGE 1041, flLD/NEW PppL COULD NOT BE OPENED. 

F i l e s  n o t  p r e s e n t  (dest royed)  i n  FIST. 

1051 *** SYSTEM FATAL MESSAGE 1051, FIAT OVERFLOW. 

FIAT /XFIAT/ over f lowed - reduce number o f  l o g i c a l  f i l e s .  See Sec t ion  2 o f  t h e  
Programmer's Manual. 

11 01 *** USER FATAL MESSAGE 11 01 , COULD NOT OPEN FILE NAMED ********. 
Data b l o c k  has n o t  been generated. 

1102 *** SYSTEM FATAL MESSAGE 1102, COULD NOT OPEN FILE NAMED ********. 
Problem Tape (NPTP) o r  Pool Table (POOL) F i l e  l i n k a g e  i s  broken. Look f o r  e r r o r  i n  
/XFIST/, /XPFIST/ o r  /XXFIAT/. 

1103 *** SYSTEM FATAL MESSAGE 1103, UNABLE TO POSITION DATA POOL FILE CORRECTLY. 

Contents o f  /XDPL/ does n o t  correspond t o  con ten ts  o f  POOL f i l e .  

1104 *** SYSTEM FATAL MESSAGE 1104, FDICT TABLE I S  INCORRECT. 

Subrout ine XCHK i s  n o t  g e n e r a t i n g  FDICT c o r r e c t l y .  

1105 *** USER FATAL MESSAGE 1105, CANNOT FIND DATA BL@CK NAMED ******** HEADER RECBRD = ********. 
Data b lock  name o r  equiva lenced da ta  b l o c k  name must match header record .  

1106 *** USER FATAL MESSAGE 1106, CHECKPOINT DICTIPNARY PVERFLgWED THERE I S  NO MgRE CORE AVAILABLE. 

R e s t a r t  problem f rom t h i s  p o i n t  w i t h  d i c t i o n a r y  a v a i l a b l e .  

1107 *** SYSTEM FATAL MESSAGE 1107, CANNOT FIT DATA BL@CK NAMED ******** ON TWO PROBLEM TAPE REELS. 

Use f u l l  tape r e e l s  f o r  Problem Tape. 
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1108 *"* SYSTEM FATAL MESSAGE 1108, PURGE TABLE QVERFLgWED. 

Reduce t h e  number o f  da ta  b locks  be ing  checkpointed a t  one t ime by r e p l a c i n g  a s i n g l e  
CHKPNT i n s t r u c t i o n  w i t h  two CHKPNT i n s t r u c t i o n s  ; 

1109 *** SYSTEM FATAL MESSAGE 1109, CANNgT FIND DATA BLBCK NAMED NXPTDC HEADER RECgRD = ********. 
Problem Tape i s  n o t  p o s i t i o n e d  c o r r e c t l y  f o r  r e a d i n g  NXPTDC. Problem i s  i n  s u b r o u t i n e  
which p r e v i o u s l y  wro te  NXPTDC on to  Probleni Tape. Suspect modules a re  XGPI, XCEI o r  XCHK. 

1201 *** SYSTEM FATAL MESSAGE 1201, FIAT OVERFLgW. 

FIAT JXFIATI over f lowed - reduce number o f  l o g i c a l  f i l e s .  See Sec t ion  2.4 o f  t h e  
Programmer's Manual . 

1202 *** SYSTEM FATAL MESSAGE 1202, DPL OVERFLOW. 

Data Pool D i c t i o n a r y  /XDPL/ over f lowed - inc rease  compiled s i z e .  See S e c t i o n  2.4 o f  t h e  
Programmer's Manual . 

1703 *** USER WARNING MESSAGE 1703, PRECEDING BULK DATA DECK HAS BEEN CANCELED AND WILL Nj4T 
APPEAR ON USER MASTER FILE. 

The p reced ing  Bulk  Data Deck con ta ins  e r r o r s  which p rec lude  i t s  i n c l u s i o n  on the  User 
Mas te r  F i l e .  Appropr ia te  e r r o r  messages should appear i n  t h e  echo o f  t h e  Bulk  Data Deck. 
Any subsequent Bulk  Data Decks w i l l  be p l a c e d  on t h e  User Master  F i l e  i f  e r r o r - f r e e .  

1704*** USER FATAL MESSAGE 1704, ILLEGAL TID VALUE gN UMF CARD. 

The TID va lue  used on a l l  UMF cards must be t h e  same f o r  any r u n  and must match t h e  TID 
va lue  on the  UMF tape be ing  i n p u t .  See S e c t i o n  2.5 o f  the  User ' s  Manual f o r  d e t a i l s .  

1705 *** Reserved f o r  f u t u r e  imp lementa t ion  i n  t h e  User Master  F i l e  E d i t o r .  

1706 *** Reserved f o r  f u t u r e  implementat ion i n  t h e  User Master F i l e  E d i t o r .  

1707 *** SYSTEM FATAL MESSAGE 1707, UMFEDT - UNEXPECTED Ej4F FROM READ. 

The occurence o f  t h i s  message i n d i c a t e s  a program f a i l u r e  i n  t h e  User Master F i l e  E d i t o r  
s u b r o u t i n e  UMFEDT. 

1708 *** SYSTEM FATAL MESSAGE 1708, UMFEDT - UNEXPECTED EOR FROM READ. 

The occurence o f  t h i s  message i n d i c a t e s  a program f a i l u r e  i n  t h e  User Master F i l e  E d i t o r  
s u b r o u t i n e  UMFEDT. 

1709 *** SYSTEM FATAL MESSAGE 1709, UMFEDT UNABLE T@ OPEN ONE @F THE PERMANENT NASTRAN FILES UMF, 
NUMF, OR NPTP. 

1710 *** Reserved f o r  f u t u r e  implementat ion i n  t h e  User Master  F i l e  E d i t o r .  

171 1 *** USER FATAL MESSAGE 1711 , N@ TAPE SETUP F@JR EITHER UMF OR NUMF. THE USER MASTER FILE 
EDITgR REQUIRES AT LEAST @NE OF THESE TAPES Tfl BE SET UP. 

The t a p e ( s )  r e q u i r e d  must be a p p r o p r i a t e  t o  the  requested a c t i o n .  See Sec t ion  2 . 5  o f  t h e  
User ' s  Manual f o r  d e t a i l s .  
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1712 *** Reserved f o r  f u t u r e  implementat ion i n  t h e  User Master F i l e  Edi to?*, 

37'13 *** Reserved f o r  f u t u r e  implementat ion i n  t h e  User Master F i l e  E d i t o r .  

'1714 *** Reserved f o r  f u t u r e  implementat ion i n  t h e  User Master  F i l e  E d i t o r .  

1715 *** Reserved f o r  f u t u r e  imp9ementat.ion i n  t h e  User Master  F i l e  E d i t o r .  

1716 *** Reserved f o r  f u t u r e  implementat ion i n  t h e  User Master  F i l e  E d i t o r .  

1717 *** USER WARNING MESSAGE 1717, REQUEST To ADD DECK WITH PRPBLEM IDENTIFICATIPN NO. = **** 
CPNFLICTS WITH IMPLIED REQUEST To CgPY THE SAME PKgBLEM FR0M THE UMF. THE NEW DECK WILL 
BE USED. 

Th is  message w i l l  occur  whenever a deck k added whose PID vs'iue i s  the same irs t h a t  o f  
a problem a l r e a d y  e x i s t i n g  on t h e  o l d  User Master F i l e .  

1718 *** USER WARNING MESSAGE 1718, REMBVE REQUEST F$R PKPRLEM **** I S  BUT @F SEQUENCE PR NgT ON 
UMF. 

User Master  F i l e  E d i t u r  c o n t r o l  cards R ? U S " ~ O Y ~  an i n c r e a s i n g  sequence. See S e c t i o n  2.5 
o f  t h e  User ' s  Manual f o r  d e t a i l s .  

User Master F i l e  E d i t o r  control cdl-cis ii'tist fnwn L ~ , I  j , icreaslny sequence, See Sect lor i  2.5 
o f  the U s e r ' s  Manual f o r  d e t a i l s .  

7720 *** USER WARNING MESSAGE 1720, PUNCH REQUEST FgR PRgBLEM **** I S  @UP flF SEQUENCE PR NgT ON 
UMF. 

User Master F i l e  E d i t o r  cot-r l rol  cards i n k s t  f a r m  ~ c r i  -increasl"rrg bequence. See S e c t i o n  2.5 
o f  t h e  User ' s  Manual fov d ~ t a i l s .  

1721 **" USER FATAL MESSAGE 1721,  PRgSLEM WITH PID = **** IS NBT $N UHF @k 2AkD IS PUT OF SEQUENCE. 

User Master  F i l e  E d i t o r  c o n t r o l  ccrds must form an i n c r r a s i n g  sequene ,  See j e s t i o n  2.5 
o f  the  User 's  Manual f o r  d e t a i l s .  

1722 *** USER FATAL MESSAGE 1722, WUMF TAPE I D  HAS ALREADY BEEN SPECIFIED. 

The tape i d  va lue  f o r  t h e  New User Master F i l e  (NUMF) rllay only be s p e c i f i e d  once. See 
Sec t ion  2.5 s f  t h e  User ' s  Manual f o r  d e t a i l s .  

1723 *** USER FATAL MESSAGE 1723, NUMF TAPE I D  MAY NOT BE RESPECIFIED. 

The tape i d  v a l u e  f o r  t h e  New User Master F i l e  (NUMF) may o n l y  be s p e c i f i e d  once. See 
Sec t ion  2.5 o f  t h e  User ' s  ManuaT f o r  d e t a i l s .  

1724 *** USER WARNING MESSAGE 1724, PUNPRT REQUEST FOR PROBLEM **** I S  gUT OF SEQUENCE PR NPT BN 
UMF. 

User Master F i l e  E d i t o r  c o n t r o l  cards must form an i n c r e a s i n g  sequence. See S e c t i o n  2.5 
o f  t h e  User ' s  Manual f o r  d e t a i l s .  
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I725 *** Reserved fo r  fu-Lure implementation in the User Master F i l e  Editor. 

1726 *** Reserved for future implerrientatfon i n  t he  User Master File Editor. 

1727 *** Reseverd for  future implementation in the User Master File Editor 

1728 *** SYSTEM FATAL ERRgK 1728, UMFEDT UNABLE TO LOCATE BULK DATA @N NPTP, 

1729 *** Reserved for  future implementation in the User Master File Editor. 

1730 *** Reserved for  future implementation in the User Master File Editor. 

1731 *** Reserved for  future implementation i n  the User Master File Editor. 

1732 *** Reserved for  future implementation in the User I.i;ster File Editor. 

1733 *** Reserved for  future implementation in the User Master File Editor. 

1734 *** Reserved for  f u t u , ~  implementation in the User Master File Editor. 

1735 *** Reserved for  future implementation in the User Master File Editor. 

1736 *** USER FATAL ERRgR 1736, BAD USER E'IASTkR FILE EDITgR DATA CARD. 

See Section 2.5 of the  User's Manual fo r  instructions for using the User Master File 
Editor. 

1737 *** Reserved fo r  future fr-iip;~riientirt~m, 4 r 1  the  Liscr Master File Fditor 
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1744 *** USER FATAL ERRPR 1744, DATA CARD(S) "******* GENEPATF!? SY UTILITY N!JDUI F INPUT NDT 
ALLPWED I N  BULK DATA. 

Module i s  n o t  capable o f  i n t e g r a t i n g  same c a r d  t ype  Frorn two  sources. 

1745 ....................... 
Message 1745 i s  reserved  f o r  u t i l i t y  module i n p u t .  

6.2.3 - Func t iona l  Module Messages 

2001 *** USER FATAL MESSAGE 2001, SEQGP CARD REFERENCES UNDEFINED GRID PPINT ****. 

2002 *** SYSTEM FATAL MESSAGE 2002, GRID PgINT **** NflT I N  EQEXIN. 

Th is  message i n d i c a t e s  a program design e r r o r  i n  GP1. 

2003 *** USER FATAL MESSAGE 2003, CPPRDINATE SYSTEM **** REFERENCES UNDEFINED GRID POINT ****. 
Appl i es t o  CPRDl j d e f i n i t i o n s  . 

2004 *** USER FATAL MESSAGE 2004, CPgRDINATE SYSTEM **** REFERENCES UNDEFINED CgPRDINATE SYSTEM ****. 
Appl i es t o  CPRD2 j d e f  i n i  ti ons . 

2005 *** SYSTEM FATAL MESSAGE 2005, INCPNSISTENT CPPRDINATE SYSTEM DEFINITIDN. 

A t  l e a s t  one coord ina te  system cannot be t i e d  t o  t h e  b a s i c  system. See Sec t ion  4.21.7 
o f  t h e  Programmer's Manual. 

2006 *** USER FATAL MESSAGE 2006, INTERNAL GRID PPINT **** REFERENCES UNDEFINED CflPRDINATE SYSTEM **** * 
The g r i d  p o i n t  whose i n t e r n a l  sequence number i s  p r i n t e d  above re fe rences  an undefined 
coord ina te  system i n  e i t h e r  f i e l d  3 o r  f i e l d  7 o f  a GRID card .  

2007 *** USER FATAL MESSAGE 2009, ELEMENT **** REFERENCES UNDEFINED GRID PflINT ****. 

2008 *** USER FATAL MESSAGE 2008, LOAD SET **** REFERENCES UNDEFINED GRID PPINT *4** 

2009 *** USER FATAL MESSAGE 2009, TEMP SET **** REFERENCES UNDEFINED GRID PPINT **** 

2010 *** USER FATAL MESSAGE 2010, ELEMENT **** REFERENCES UNDEFINED PRPPERTY ****. 

2011 *** USER FATAL MESSAGE 2011, N ~ J  PRflPERTY CARD FPR ELEMENT TYPE **** 

2012 **" USER FATAL MESSAGE 2012, GRID PBIPIT **** SAME AS SCALAR PgINT 

identification o f  g r i d  and s c a l a r  p o i n t s  must be unique.  
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2013 *** USER WARNING MESSAGE 2013, NO STRUCTURAL ELEMENTS EXIST. 

Model checked f o r  s t ructural  elements. 

2014 *** SYSTEM FATAL MESSAGE 2014, LOGIC ERRBR IN ECPT CONSTRUCTION. 

The s p i l l  logic in the construction of the skeleton (TAlB) has f a i l e d .  Problem should 
be referred t o  maintenance programming s t a f f .  A temporary f i x  may be available i f  
additional storage can be provided t o  NASTRAN e .g . ,  by increasing the region s ize  
(IBM 360). 

2015 *** USER WARNING MESSAGE 2015, NP ELEMENTS CONNECT INTERNAL GRID POINT ****. 
The gr id  point whose internal iden t i f i ca t ion  number appears above has no elements 
connected t o  i t .  The message i s  a warning only since the degrees of freedom associated 
with the point nay be removed by multipoint constraints or in  other ways. The internal  
iden t i f i ca t ion  number i s  formed by assigning t o  each grid point and sca la r  point one of 
the integers 1 ,  2, --- according t o  i t s  resequenced posit ion. I t  may be determined from 
data block EQEXIN via a DMAP TABPT ins t ruct ion.  

2017 *** USER FATAL MESSAGE 2017, MATSl CARD REFERENCES UNDEFINED MATS **** CARD. 

The user should check t h a t  a l l  MATSl cards reference MATl cards t h a t  e x i s t  i n  the Bulk 
Data Deck. 

2018 *** USER FATAL MESSAGE 2018, MATS2 CARD REFERENCES UNDEFINED MAT2 **** CARD. 

The user should check that  a l l  MATS2 cards reference MAT2 cards t h a t  e x i s t  in the Bulk 
Data Deck. 

2019 *** USER FATAL MESSAGE 2019, MATTl CARD REFERENCES UNDEFINED MATl **** CARD. 

The user should check t h a t  a l l  MATTl cards reference MATl cards t h a t  e x i s t  in  the Bulk 
Data Deck. 

2020 *** USER FATAL MESSAGE 2020, MATT2 CARD REFERENCES UNDEFINED MAT2 **** CARD. 

The user should check that  a l l  MATT2 cards reference MAT2 cards tha t  e x i s t  in the Bulk 
Data Deck. 

2021 *** SYSTEM FATAL MESSAGE 2021, BAD GMMAT CALLING SEQUENCE. 

The cal l ing sequence of the subroutine which cal led e i t h e r  subroutine GMMATD or  GMMATS 
defined a nonconformable matrix product. The subroutine examines the transpose f l ags  in 
combination with the orders of the matrices t o  make sure tha t  a conformable matrix 
product i s  defined by t h i s  input data.  This t e s t  c lear ly  i s  made f o r  purposes of cal l ing 
routine checkout only. No t e s t s  are made, nor can they be made, t o  insure t h a t  the  
ca l l  ing routine has provided suf f i c ien t  storage f o r  arrays.  

2022 *** SYSTEM FATAL MESSAGE 2022, SMA-B SCALAR POINT INSERTION LPGIC ERROR.  

Probable e r ro r  in creating the ECPT data block in module TA1. Use the TABPT module t o  
p r in t  ECPT. 

2023 *** SYSTEM FATAL MESSAGE 2023, DETCK UNABLE TO FIND PIVOT POINT **** IN GPCT. 

Probable e r r o r  in creating the ECPT data block in module TA1. Use the TABPT module to  
pr int  ECPT. 
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2025 *** USER FATAL MESSAGE 2025, UNDEFINED COORDINATE SYSTEM ****. 
The coordinate system i d e n t i f i c a t i o n  number t ransmi t ted  vE a ECPT(1) could not  be found 
i n  the  CSTM ar ray .  The user should check coordinate system numbers on GRID bulk data 
cards against  those defined on CORDlC, CBRDIR, e tc . ,  bu lk  data cards t o  insure t h a t  
there are no undefined coordinate sys tems . 

2026 *** USER FATAL MESSAGE 2026, ELEMENT **** GEOMETRY YIELDS UNREASBNABLE MATRIX. 

Referenced element geometry and/or p roper t ies  y i e l d s  a numerical r e s u l t  which causes an 
element s t i f f n e s s  o r  mass ma t r i x  t o  be undefined. Possib le causes include,  bu t  are n o t  
l i m i t e d  to ,  (1) the length  o f  a rod  o r  bar  i s  zero because the end po in ts  have the same 
coordinates, (2) the sides o f  a t r i a n g l e  o r  q u a d r i l a t e r a l  are c o l l  i nea r  which leads t o  a 
zero cross product i n  de f i n i ng  an element coordinate system, o r  (3) the bar o r i e n t a t i o n  
vec tor  i s  p a r a l l e l  t o  the bar axis.  Check GRID bu lk  data cards de f i n ing  element end 
po in ts  f o r  bad data. 

2027 *** USER FATAL MESSAGE 2027, ELEMENT **** HAS INTERIgR ANGLE GREATER THAN 180 DEG. AT GRID 
PDINT ****. 
SHEAR o r  TWIST panel element w i t h  the referenced element number has been def ined w i t h  
the fou r  g r i d  po in t s  ou t  of the  proper c y c l i c a l  order. See bu lk  data card d e f i n i t i o n s  
f o r  CSHEAR and CTWIST cards. 

2028 *** SYSTEM FATAL MESSAGE 2028, SMA3A ERROR NB. ****. 
In te rna l  l o g i c  e r r o r  i n  subroutine SMA3A o f  module SMA3. Possib le e r r o r  i n  generation 
of the  GEI data block.  Use the TABPT module t o  p r i n t  GEI. 

2029 *** USER FATAL MESSAGE 2029, UNDEFINED TEMPERATURE SET ****. 
The referenced temperature se t  had no d e f a u l t  temperature defined. Define a temperature 
o r  d e f a u l t  temperature f o r  each g r i d  p o i n t  i n  the model. 

2030 *** SYSTEM FATAL MESSAGE 2030, BAD GPTT. 

The format o f  the  GPTT data block i s  i nco r rec t .  Use the TABPT module t o  p r i n t  the  GPTT 
data block.  

2031 *** USER FATAL MESSAGE 2031, ELEMENT **** UNACCEPTABLE GEPMETRY. 

2032 *** USER FATAL MESSAGE 2032, ELEMENT **** UNACCEPTABLE GEPMETRY. 

2033 *** USER FATAL MESSAGE 2033, SINGULAR H-MATRIX FOR ELEMENT ****. 

2034 *** SYSTEM FATAL MESSAGE 2034, ELEMENT **** SIL'S D@ NBT MATCH PIVgT. 

Possible e r r o r  i n  generat ion o f  the ECPT data block.  Use the TABPT module t o  p r i n t  ECPT. 

2035 *** USER FATAL MESSAGE 2035, QUADRILATERAL **** INTERIOR ANGLE GREATER THAN 180 DEG. 

2036 *** USER FATAL MESSAGE 2036, SINGULAR MATRIX FOR ELEMENT ****. 

2037 *** USER FATAL MESSAGE 2037, BAD ELEMENT **** GEgMETRY. 
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2038 *** SYSTEM FATAL MESSAGE 2038, SINGULAR MATRIX FgR ELEMENT ****. 

2039 *** USER FATAL MESSAGE 2039, ZERO SLANT LENGTH FOR HARMONIC **** fiF CCfiNEAX ****. 

2040 *** USER FATAL MESSAGE 2040, SINGULAR MATRIX FOR ELEMENT ****. 

2041 *** USER FATAL MESSAGE 2041, A MATT1 ,MATT2,MATT3 OR MATSl CARD REFERENCES TABLE NUMBER **** 
WHICH I S  NPT DEFINED ON A TABLEMI, TABLEM2, TABLEM3, TABLEM4 OR TABLES1 CARD. 

The u s e r  must i n s u r e  t h a t  a1 1 t a b l e  i d e n t i f i c a t i o n  numbers on MATT1, MATT2, MATT3, o r  
MATSl cards r e f e r e n c e  t a b l e s  which e x i s t  i n  t h e  Bu lk  Data Deck. 

2042 *** USER FATAL MESSAGE 2042, MISSING MATERIAL TABLE **** FPR ELEMENT ****. 
The r e f e r e n c e d  m a t e r i a l  t a b l e  i d e n t i f i c a t i o n  number i s  miss ing.  The u s e r  shou ld  check 
t o  see t h a t  a l l  e lement  p r o p e r t y  b u l k  d a t a  cards (e.g. , PBAR, PRP)D) r e f e r e n c e  m a t e r i a l  
c a r d  i d e n t i f i c a t i o n  numbers f o r  m a t e r i a l  p r o p e r t y  cards t h a t  e x i s t  i n  t h e  Bulk  Data Deck. 

2044 *** USER FATAL MESSAGE 2044, UNDEFINED TEMPERATURE SET ****. 
The r e f e r e n c e d  temperature s e t  was s e l e c t e d  i n  t h e  Case Cont ro l  Deck b u t  n o t  d e f i n e d  i n  
t h e  Bulk  Data Deck. 

2045 *** USER FATAL MESSAGE 2045, TEMPERATURE UNDEFINED AT GRID PflINT WITH INTERNAL INDEX ****. 
Temperatures must be d e f i n e d  a t  a l l  g r i d  p o i n t s  i n  a s e l e c t e d  temperature s e t .  The g r i d  
p o i n t  whose i n t e r n a l  i ndex  was p r i n t e d  had no temperature d e f i n e d  and a d e f a u l t  
temperature was n o t  s u p p l i e d  f o r  t h e  s e l e c t e d  temperature s e t .  

2046 *** USER FATAL MESSAGE 2046, UNDEFINED ELEMENT DEFPRMATIDN SET ****. 

2047 *** USER FATAL MESSAGE 2047, UNDEFINED MULTIPOINT CgNSTRAINT SET ****. 
A m u l t i p o i n t  c o n s t r a i n t  s e t  s e l e c t e d  i n  t h e  Case Cont ro l  Deck c o u l d  n o t  be found i n  e i t h e r  
an MPC o r  MPCADD c a r d  o r  a s e t  re fe renced  on a MPCADD card  cou ld  n o t  be found on an MPC 
card .  

2048 *** USER FATAL MESSAGE 2048, UNDEFINED GRID POINT **** I N  MULIT-POINT CDNSTRAINT SET ****. 

2049 *** USER FATAL MESSAGE 2049, UNDEFINED GRID POINT **** HAS AN DMITTED COPRDINATE. 

An PMIT o r  gMIT1 c a r d  references a g r i d  p o i n t  which has n o t  been d e f i n e d .  

2050 *** USER FATAL MESSAGE 2050, -- UNDEFINED GRID P0INT *** HAS A SUPPORT COPRDINATE. 

A SUPPRT c a r d  re fe rences  a g r i d  p o i n t  which has n o t  been d e f i n e d .  

2051 *** USER FATAL MESSAGE 2051, UNDEFINED GRID PPINT **** I N  SINGLE POINT CONSTRAINT SET ****. 
An SPCl c a r d  i n  t h e  s e l e c t e d  SPC s e t  re fe rences  a g r i d  p o i n t  which has n o t  been d e f i n e d .  

2052 *** USER FATAL MESSAGE 2052, UNDEFINED GRID PgINT *** I N  SINGLE-PgINT CONSTRAINT SET ****. 
An SPC c a r d  i n  t h e  s e l e c t e d  SPC s e t  re fe rences  a g r i d  p o i n t  which has n o t  been de f ined .  
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2053 *** USER FATAL MESSAGE 2053, UNDEFINED SINGLE-PgINT CPNSTRAINT SET ****. 
A single point constra int  s e t  selected in the Case Control Deck could not be found on 
e i t h e r  an SPCADD, SPC o r  SPCl card, or  a s e t  referenced on an SPCADD card could not be 
found on e i t h e r  an SPC o r  SPCl card. 

2054 *** USER FATAL MESSAGE 2054, SUPER ELEMENT **** REFERENCES UNDEFINED SIMPLE ELEMENT ****. 

2056 *** USER FATAL MESSAGE 2056, UNDEFINED SUPER ELEMENT **** PROPERTIES. 

2057 *** USER FATAL MESSAGE 2057, IRRATIONAL SUPER ELEMENT **** TOPflLgGY. 

2058 *** USER FATAL MESSAGE 2058, SUPER ELEMENT *** REFERENCES UNDEFINED SIMPLE ELEMENT TYPE, 

2059 *** USER FATAL MESSAGE 2059, UNDEFINED GRID POINT **** ON SE--BFE FOR SUPER ELEMENT ****. 

2060 *** USER FATAL MESSAGE 2060, UNDEFINED GRID POINT **** ON QDSEP CARD FOR SUPER ELEMENT ****. 

2061 *** USER FATAL MESSAGE 2061, UNDEFINED GRID POINT **** ON GENERAL ELEMENT ****. 

2062 *** USER FATAL MESSAGE 6062, UNDEFINED SUPER ELEMENT PROPERTY **** FOR SUPER ELEMENT ****. 

2063 *** SYSTEM FATAL MESSAGE 2063, TA lC LOGIC ERROR. GENERAL ELEMENT DATA COULD NOT BE FOUND I N  
THE ECT DATA BLOCK WHEN TRAILER L I S T  INDICATED I T  WAS PRESENT. REFER PROBLEM TO 
MAINTENANCE PROGRAMMING STAFF. 

2064 *** USER FATAL MESSAGE 2064, UNDEFINED EXTRA POINT **** REFERENCED ON SEQEP CARD. 

2065 *** USER FATAL MESSAGE 2065, UNDEFINED GRID POINT **** ON DMIG CARD. 

2066 *** USER FATAL MESSAGE 2066, UNDEFINED GRID POINT **** ON RLOAD- OR TLOAD- CARD. 

2067 *** USER FATAL MESSAGE 2067, UNDEFINED GRID POINT **** ON NOLIN- CARD. 

2068  *** USER FATAL MESSAGE 2068, UNDEFINED GRID POINT **** I N  TRANSFER FUNCTION SET ****. 

2069 *** USER FATAL MESSAGE 2069, UNDEFINED GRID PfJINT **** I N  TRANSIENT I N I T I A L  C$NDITI@N SET ****. 

2070 *** USER FATAL MESSAGE 2070, REQUESTED DMIG MATRIX **** I S  UNDEFINED. 

2071 *** USER FATAL MESSAGE 2071, DYNAMIC LfJAD SET **** REFERENCES UNDEFINED TABLE ****. 

2072 *** SYSTEM WARNING MESSAGE 2072, CARD TYPE *** NgT FPUND PN DATA BLgCK. 

This warning message i s  issued when the t r a i l e r  b i t  fo r  the card type = 1 b u t  the 
corresponding record i s  not on the data block. 
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2073 *** USER INF'JRMATION MESSAGE 2073, MPYAD METHOD = ****, NO. OF PASSES = ****. 
Th is  message g ives  t h e  method s e l e c t e d  and number o f  passes r e q u i r e d .  

2074 *** USER FATAL MESSAGE 2074, UNDEFINED TRANSFER FUNCTION SET ****. 

2075 *** SYSTEM OR USER DMAP FATAL MESSAGE 2075, IMPROPER VALUE **** FOR FIRST PARAMETER I N  DMAP 
INSTRUCTION SDR2. 

2076 *** USER WARNING MESSAGE 2076, SDR2 @UTPUT DATA BLPCK NO. 1 I S  PURGED. 

2077 *** USER WARNING MESSAGE 2077, SDR2 OUTPUT DATA BLOCK NO. 2 IS  PURGED. 

2078 *** USER WARNING MESSAGE 2078, SDR2 OUTPUT DATA BLgCK NO. 3 I S  PURGED. 

2079 *** USER WARNING MESSAGE 2079, SDR2 FINDS THE -EDT-, -EST-, gR -GPTT- PURGED @R INADEQUATE 
AND I S  THUS NOT PROCESSING ANY REQUESTS FOR STRESSES OR FORCES. 

2080 *** USER WARNING MESSAGE 2080, SDR2 OUTPUT DATA BLOCK NO. 6 I S  PURGED. 

2081 *** USER FATAL MESSAGE 2081, NULL DIFFERENTIAL STIFFNESS MATRIX. 

D i f f e r e n t i a l  s t i f f n e s s  i s  n o t  d e f i n e d  f o r  a1 1 s t r u c t u r a l  elements. Only the  f o l l o w i n g  
elements a re  d e f i n e d  f o r  d i f f e r e n t i a l  s t i f f n e s s  c a l c u l a t i o n s :  ROD, TUBE, SHEAR ( b u t  n o t  
TWIST) pane ls  , tri angul a r  and quadr i  1 a t e r a l  membranes (TRMEM, TRIA2, QDMEM, QUADP) , and 
BAR. The combinat ion two dimensional elements TRIAl and QUAD1, are d e f i n e d  o n l y  i f  t h e i r  
membrane t h i c k n e s s  i s  nonzero. The u s e r  has n o t  i n c l u d e d  any o f  these elements i n  h i s  
model and t h e r e f o r e  a n u l l  d i f f e r e n t i a l  s t i f f n e s s  m a t r i x  was generated. 

2083 *** USER FATAL MESSAGE 2083, NULL DISPLACEMENT VECTgR. 

The d isp lacement  v e c t o r  f o r  t h e  l i n e a r  s o l u t i o n  p a r t  o f  a s t a t i c  a n a l y s i s  w i t h  d i f f e r e n -  
t i a l  s t i f f n e s s  problem, o r  t h e  inc rementa l  d isp lacement  v e c t o r  i n  a p iecewise l i n e a r  
a n a l y s i s  r i g i d  f o r m a t  problem i s  t h e  zero v e c t o r .  Check l o a d i n g  c o n d i t i o n s .  

2084 *** SYSTEM FATAL MESSAGE 2084, DSMG2 LOGIC ERRgR ****. 
Incompat ib le  i n p u t  and o u t p u t  p a i r s  i n  t h e  DMAP c a l l i n g  sequence t o  module DSMG2. See 
t h e  module d e s c r i p t i o n  f o r  DSMG2 i n  t h e  Programle r ' s  Manual. 

2085 *** USER INFORMATION MESSAGE 2085, SMAl SPILL, NPVT ****. 
Dur ing  p rocess ing  o f  t h e  ECPT da ta  b l o c k  i n  module SMA1, so many elements were a t t a c h e d  
t o  t h e  r e f e r e n c e d  p i v o t  p o i n t  (NPVT) t h a t  module s p i l l  l o g i c  was i n i t i a t e d .  

2086 *** USER INFORMATION MESSAGE 2086, SMA2 SPILL, NPVT ****. 
See e x p l a n a t i o n  f o r  Message 2085. 

2087 *** SYSTEiil FATAL MESSAGE 2087, ECPT Ce)NTAII\!S BAD DATA. 

Use t h e  TABPT module t o  p r i n t  t h e  ECPT data b l o c k .  
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2088 *** USER FATAL MESSAGE 2088, DUPLICATE TABLE I D  ****. 
A19 t a b l e s  must have uniqtre nurnbers. Check f o r  uniaueness 

2089 *** USER FATAL MESSAGE 2089, TABLE **** UNDEFINED. 

The t a b l e  number i n  the  l i s t  o f  t a b l e  numbers i n p u t  t o  subroutine PRETAB v i a  argument 7 
was n o t  found a f t e r  r e a d i n g  t h e  DIT da ta  b l o c k .  Check l i s t  o f  t a b l e s  i n  t h e  Bulk  Data 
Deck. 

2090 *** SYSTEM FATAL .MESSAGE 2090, TABLE DICTIflNARY ENTRY **** MISSING. 

L o g i c  e r r o r  i n  subrou t ine  PRETAB, o r  open core used by PRETAB has been des t royed  

2091 *** SYSTEM FATAL MESSAGE 2091, PLA3, BAD ESTNL EL I D  ****. 
ESTNL d a t a  b l o c k  i s  n o t  i n  expected fo rmat .  Use TABPT module t o  p r i n t  the ESTNL da ta  
b l o c k .  

2092 *** SYSTEM WARNING MESSAGE 2092, SDR2 FINDS A SYMMETRY SEQUENCE LENGTH = **** AND AN 
INSUFFICIENT NUMBER PF VECTBRS AVAILABLE = **** WHILE ATTEMPTING Tfl CBMPUTE STRESSES AND 
FORCES. ALL FURTHER STRESS AND FBRCES C@MPUTATIflN TERMINATED. 

2093 *** USER FATAL MESSAGE 2093, NflLIN CARD FR0M Nj3LIN SET **** REFERENCES GRID PflINT **** UD SET. 

2101A *** USER FATAL MESSAGE 2101A, GRID PBINT **** COMPflNENT *** ILLEGALLY DEFINED I N  SETS **** 
The above g r i d  p o i n t  and colnponent has been d e f i n e d  i n  each o f  t h e  above dependent 
subsets.  A p o i n t  may be long  t o  a t  most one dependent subset.  

2101B *** USER FATAL MESSAGE 2101B, SCALAR PgINT **** ILLEGALLY DEFINED I N  SETS ****. 

2102 *** USER WARNING MESSAGE 2102, LEFT-HAND MATRIX RflW P@SITI@N **** PUT PF RANGE - IGNBRED. 

A term i n  t h e  A m a t r i x  whose row p o s i t i o n  i s  l a r g e r  than  t h e  s t a t e d  dimension was 
d e t e c t e d  and ignored .  

2103 *** SYSTEM FATAL MESSAGE 2103, SUBROUTINE MAT WAS CALLED WITH INFLAG=2, THE SINE PF ANGLE X, 
MATERIAL ORIENTATIgN ANGLE, NgNZERB, BUT SIN (X)**Z+CgS(X) **2 DIFFERED FRgM 1 I N  ABSOLUTE 
VALUE BY MBRE THAN .0001. 

A check i s  made i n  MAT t o  i n s u r e  t h a t  ABS (SIN(THETA)**Z+C@S(THETA)**Z-1 .00) .LE. .0001 
when INFLAG = 2. The c a l l i n g  r o u t i n e  d i d  n o t  s e t  SINTH and CgSTH c e l l s  i n  /MATIN/ 
p r o p e r l y .  

2104 *** USER FATAL MESSAGE 2104, UNDEFINED CflgRDINATE SYSTEM ****. 
See t h e  e x p l a n a t i o n  f o r  Message 2025. 

2105 *** USER FATAL MESSAGE 2105, PLBAD2 CARD FRflM LPAD SET **** REFERENCES MISSING PR NgN-2-D 
ELEMENT ****. 
PL0AD2 cards  must re fe rence  two-dimensional elements. 

2106 *** USER FATAL MESSAGE 2106, LgAD CARD DEFINES NgNUNIQUE LgAD SET ****. 
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2107 *** USER FATAL MESSAGE 2107, EIG-CARD FROM SET **** REFERENCES DEPENDENT COORDINATE @R GRID 
PblNT ****. 
When t l te  p o i n t  o p t i o n  i s  used on an EIGB, EIGC o r  EIGR card,  the  re fe renced  p o i n t  and 
component tnust be i n  an independel i t  s e t .  

2111 *** USER WARNING MESSAGE 2111, BAR **** CgUPLED BENDING INERTIA SET TB 0.0 IN DIFFERENTIAL 
ST1 FFNESS . 
The coupled bending i n e r t i a  t e r n  on a PBAR card,  i f  nonzero, i s  s e t  t o  ze ro  i n  t h e  
d i  f f e r e n t i  a1 s t i f f n e s s  r o u t i n e  f o r  t h e  BAR. 

2112 *** SYSTEM FATAL MESSAGE 2112, UNDEFINED TABLE ****. 
The re fe renced  t a b l e  number cou ld  n o t  be found i n  co re .  

2113 *** USER FATAL MESSAGE 2113, MATERIAL ****, A N0N-MAT1 TYPE, I S  N@T ALLBWED T@ BE STRESS 
DEPENDENT. 

Only MATl m a t e r i a l  cards may be p resen t  i n  a p iecewise  l i n e a r  a n a l y s i s  problem. 

2114 *** USER FATAL MESSAGE 2114, MATT3 CARD REFERENCES UNDEFINED MAT3 **** CARD. 

The u s e r  shou ld  check t h a t  a l l  MATT3 cards re fe rence  MAT3 cards t h a t  e x i s t  i n  t h e  Bu lk  
Data Deck. 

2115 *** USER FATAL MESSAGE 2115, TABLE **** (TYPE ****) ILLEGAL WITH STRESS-DEPENDENT MATERIAL. 

Only TABLES1 cards may be used t o  d e f i n e  s t r e s s - s t r a i n  curves f o r  use i n  p iecewise  
l i n e a r  a n a l y s i s .  

2116 *** SYSTEM FATAL MESSAGE 2116, MATID **** TABLEID ****. 
The re fe renced  m a t e r i a l  t a b l e  i d e n t i f i c a t i o n  number c o u l d  n o t  be found among t h e  s e t  o f  
a l l  MATl cards i n  core.  

2117 *** USER FATAL MESSAGE 2117, TEMPERATURE DEPENDENT MATERIAL PROPERTIES ARE NBT PERMISSIBLE 
IN A PIECEWISE LINEAR ANALYSIS PRgBLEM. TEMPERATURE SET = ****. 
User shou ld  r e d e f i n e  h i s  p r o b l e n ~  wi t h o u t  temperature dependent m a t e r i  a1 p r o p e r t i e s .  

21 27 *** SYSTEM FATAL MESSAGE 21 27, PLA2 INPUT DATA BL@CK N@. **** I S  PURGED. 

Data b locks DELTAUGV and DELTAPG cannot be purged. See module d e s c r i p t i o n  f o r  PLA2 i n  
Sec t ion  4 o f  t h e  Programmer's Manual . 

2128 *** SYSTEM FATAL MESSAGE 2128, PLA2 OUTPUT DATA BLOCK NB. **** I S  PURGED. 

Data b locks  UGV1, PGVl cannot be purged. See module d e s c r i p t i o n  f o r  PLA2 i n  Sec t ion  4 o i  
the  Prograninier's Manual . 

2129 *** SYSTEM FATAL MESSAGE 2129, PLA2, ZER0 VECT@R ON APPENDED DATA BL@CK N0. **** 
Zero d isp lacement  v e c t o r  faund on UGVl da ta  b l o c k  o u t p u t  f rom PLA2. Poss ib le  system 
f a i  1 u re .  
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2130 *** USER FATAL MESSAGE 2130, ZERB INCREMENTAL DISPLACEMENT VECTBR NOT ADMISSIBLE AS INPUT Tfl 
MODULE PLA2. 

See discussion of the Piecewise Linear Analysis rigid format. 

2131 *** USER FATAL MESSAGE 2131, NBN-SCALAR ELEMENT *** REFERENCES A SCALAR PBINT. 
An element which must be attached to a geometric grid point has been attached to a scalar 
point. No geometry data can be inferred. 

2532 *** USER FATAL MESSAGE 2132, NBN-ZERB SINGLE POINT CONSTRAINT VALUE SPECIFIED BUT DATA BLBCK 
YS IS PURGED. 

Many rigid formats do not support constrained displacements (especially dynamic solutions). 
An attempt to specify a constrained displacement in these cases results in this message. 

2133 *** USER FATAL MESSAGE 2133, INITIAL CgNDITIgN IN SET **** SPECIFIED FOR PgINT NOT IN ANALYSIS 
SET. 

Initial conditions can only be specified for analysis set points. Therefore the point/ 
component mentioned on TIC cards must belong to the D or H sets. 

2134 *** USER FATAL MESSAGE 2134, LBAD SET *** DEFINED FOR BOTH GRAVITY AND NBN-GRAVITY LOADS. 
The same load set identification number cannot appear on both a GRAV card and another 
loading card such as FORCE or MgMENT. To apply both a gravity load and a concentrated 
load simultaneously the LOAD card must be used. 

2135 *** USER FATAL MESSAGE 2135, DLgAD CARD *** HAS A DUPLICATE SET ID FOR SET ID ***. 
The Li set ID'S on a DLOAD card are not unique. See DLBAD card description in the User's 
Manual . 

2146 *** USER FATAL MESSAGE 2136, SET ID *** HAS BEEN DUPLICATED ON A DLBAD, RLOAD1,Z or TLOAD1,P 
CARD. 

All dynamic load set ID'smust be unique. 

2937 *** USER FATAL MESSAGE 2137, PROGRAM RESTRICTIBN FgR MBDULE SSGl - ONLY 100 LOAD SET ID'S 
ALLgWED. DATA CONTAINS **** LgAD SET ID'S. 
Reduce the number of Load Set ID'S. 

2138 *** USER FATAL MESSAGE 2138, ELEMENT IDENTIFICATION NUMBER **** IS Tgfl LARGE. 
Element identification numbers (on connection cards) must be less than 16,777,215. 
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3001 *** SYSTEM FATAL MESSAGE 3009, ATTEMPT TO PtXEN DATA SET *** IN S U B R O U I N E  ****** W c i i C H  WAS 
NDT DEFINED I N  F I S T .  

Subroutine did not expect data block t o  be purged. Check data block mquirements f o r  
module. 

3002 *** SYSTEM FATAL MESSAGE 3002, E@F ENCgUNTERED WHILE READING DATA SET ********(FILE ***) IN 
SUBRgUTINE ******. 
This message i s  issued when an End-Of-File occurs while trying t o  skip the header record. 
The data block i s  not in the proper format. 

3003 *** SYSTEM FATAL MESSAGE 3003, ATTEMPT T 0  READ PAST THE END @F A LOGICAL RECgRD I N  DATA SET 
********( F I L E  ***) I N  SUBROUTINE ******** . 
This message i s  issued when the f i l e  i s  positioned a t  the beginning of a logical record 
and the record does not contain a t  l e a s t  three words. Data block i s  not in proper format. 

3004 *** SYSTEM FATAL MESSAGE 3004, INCONSISTANT TYPE FLAGS ENCOUNTERED WHILE PACKING DATA SET ****. 

3005 *** SYSTEM FATAL MESSAGE 3005, ATTEMPT T@ @PERATE @N SINGULAR MATRIX **** I N  SUBROUTINE ****, 
A diagonal tern  does not e x i s t  f o r  a column of (U) .  This i s  normally detected in DECgP4P 
implying care was not taken in processing singular matrices in the cal l ing routine.  

3006 *** SYSTEM FATAL MESSAGE 3006, BUFFER ASSIGNED WHEN PPENING DATA BLPCK **** F I L E  (****) 
CONFLICTS WITH BUFFERS CURRENTLY @PEN. 

Computation of buffer pointers or  allocation of open core i s  in e r r o r ,  

3007 *** SYSTEM FATAL MESSAGE 3007, I LLEGAL INPUT T@ SUBR@UTINE ****. 
Subroutine **** has encountered data which i t  cannot process. This e r r o r  should not be 
caused by user input data.  A system or  programming e r r o r  i s  indicated. Go di rec t ly  t o  
the subroutine l i s t i n g  or description t o  determine the exact cause of the problem. 

3008 *** SYSTEM FATAL MESSAGE 3008, I N S U F F I C I E N T  CORE AVAILABLE FOR SUBR@UTINE ********. 
This message implies that  the pa r t i cu la r  subroutine does not have su f f i c ien t  core to 
meet i t s  demands. The subroutine o r  module description should be consulted to  determine 
the core requirements. 

3009 *** SYSTEM FATAL MESSAGE 3009, DATA TRANSMISSIgN ERROR @N DATA SET *******(FI!.E ***). 

XBM 7094, IPEX detected a data transmission e r ro r  during GIN@ READ. 

3010 *** SYSTEM FATAL MESSAGE 3010, ATTEMPT T@ MANIPULATE DATA SET ********(FILE ***) BEFORE 
PPENING F I L E .  

An operation other than @PEN o r  CLPSE i s  requested on a f i l e  which i s  not defined in the 
F I S T .  

3011 *** SYSTEM FATAL MESSAGE 3011, ATTEMPT T@ WRITE A TRAILER @N F I L E  *** WHEN I T  HAS BEEN 
PURGED. 

The f i l e  did not e x i s t  in the  F I S T  when WRTTRL was cal led.  
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3012 *** SYSTEM FATAL ilESSAGE 3012, ATTEMPT Tg OPEN DATA SET ********(FILE **k) \IHICH HAS ALREADY 
BEEN gPENED. 

PBM 7094 GIN@ @PEN was c a l l e d  w h i l e  t h e  f i  l e  was a1 ready open. 

3013 *** SYSTEM FATAL MESSAGE 3013, ATTERPI' T@ READ DATA SET ****"***(FILE ***) WHEN I T  WAS PPENED 
FOR OUTPUT. 

IBM 7094 GIN@ was c a l l e d  t o  READ a d a t a  b lock  opened f o r  o u t p u t .  

3014 *** SYSTEM FATAL MESSAGE 3014, ATTEI4PT T@ WRITE DATA SET ********(FILE ***) WHEN I T  WAS 
PPENED FOR INPUT. 

IBM 7094 GIN@ was c a l l e d  t o  WRITE a da ta  b l o c k  opened f o r  i n p u t .  

3015 *** SYSTEM FATAL MESSAGE 3015, ATTEMPT TO FWDREC ON DATA SET ********(FILE ***) WHEN I T  WAS 
OPENED F@R PUTPUT. 

IBM 7094 GIN0 was c a l l e d  t o  FWDREC a f i l e  opened f o r  o u t p u t .  

3016 *** SYSTEM FATAL MESSAGE 3016, **** MATRIX I S  NOT I N  PROPER FORM I N  SUBROUTINE ****. 
T h i s  i m p l i e s  t h a t  t h e  i n p u t  m a t r i x  i s  n o t  i n  the  p roper  f o r ~ n  o r  t ype  acceotable t o  the  
subrou t ine .  Check t h e  t r a i l e r  i n f o r m a t i o n  on the  m a t r i x  and the subrou t ine  d e s c r i p t i o n  
f o r  t h e  d iscrepancy.  

3017 *** USER WARNING MESSAGE 3017, ONE OR MORE GRID POINT SINGULARITIES HAVE NOT BEEN REMOVED 
BY SINGLE OR MULTI-PPINT CgNSTRAINTS. 

S i n g u l a r i t i e s  o r  near  s i n g u l a r i t i e s  may e x i s t  a t  the g r i d  p o i n t  l e v e l .  The l i s t e d  
s i n g u l a r i t i e s  should be examined f o r  da ta  e r r o r s .  The check performed here i s  n e i t h e r  
necessary n o r  s u f f i c i e n t  f o r  a s i n g u l a r  m a t r i x .  

3018 *** SYSTEM FATAL MESSAGE 3018, M@DULE ********, SEQUENCE NO. ***, REOUIREMENTS EXCEED 
AVAILABLE FILES. 

Segment F i l e  A l l o c t o r  (SFA) d i d  n o t  have s u f f i c i e n t  l o g i c a l  f i l e s  a v a i l a b l e  t o  f i l l  the  
reques t  o f  t h e  module. Cut module requi rements o r  inc rease  t h e  l o g i c a l  f i l e s  w i t h i n  t h e  
computer system. See Sec t ion  5 o f  t h e  Programmer's Manual. 

3019 *** USER FATAL MESSAGE 3019, MAXIMUM LINE COUNT EXCEEDED I N  SUBRgUTINE **** LINE CPUNT 
EQUALS ****. 
The t o t a l  number o f  l i n e s  w r i t t e n  on t h e  systeni o u t p u t  f i l e  has exceeded the  s e t  l i m i t  
( d e f a u l t  va lue  i s  20,000). I f  you wish t o  inc rease  t h i s  va lue,  i n c l u d e  a card o f  the  
form "MAXLINES=n" i n  your  Case Cont ro l  Deck. 

3020 *** SYSTEM FATAL MESSAGE 3020, GNFIST PVERFL@WED FIST TABLE AT SEQUENCE Nfl. *** DATA SET ******** * 
Generate FIST (GNFIST) r o u t i n e  over f lowed FIST /XFZST/. Increase compl ied s i z e .  See 
Sec t ion  2 o f  t h e  Programmer's Manual. 

3021 *** SYSTEM FATAL MESSAGE 3021, FILE *** NgT DEFINED IN FIST 

An o p e r a t i o n  o t h e r  than PPEM o r  CLOSE i s  requested on a f i l e  which i s  n o t  d e f i n e d  i n  t h e  
FIST. 
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3022 *** SYSTEM WARNING MESSAGE 3022, DATA SET ******** I S  REQUIRED AS INPUT AND IS N@T PUTPUT BY 
A PREVIPUS MPDULE I N  THE CURRENT DMAP ROUTE. 

Segment F i l e  A l l o c a t o r  (SFA) d e t e c t e d  t h a t  an i n p u t  da ta  b i o c k  t o  a f u t u r e  module has 
n o t  been generated. I f  t h e  f u t u r e  module r e q u i r e s  t h a t  t h i s  da ta  b l o c k  e x i s t ,  the  
module may te rmina te  w i t h  a f a t a l  e r r o r .  

3023 *** USER INFgRMATION MESSAGE 3023, B = ****, C = ****, R = ****. 
Gives t h e  upper bandwidth (B) and number o f  a c t i v e  columns (C) used i n  the  decomposi t ion.  

3024 *** USER INFflRMATION MESSAGE 3024, THE BANDWIDTH OF MATRIX **** EXCEEDS THE MAXIMUM BANDWIDTH 
A MAXIMUM BANDWIDTH OF **** WILL BE USED. 

Th is  message i n d i c a t e s  t h a t  a m a t r i x  has s c a t t e r e d  terms way o f f  t h e  d iagonal  ( i . e . ,  a 
l a r g e  bandwidth) .  I n s t e a d  o f  search ing  a l l  combinat ions o f  B and C, the  search i s  
s t a r t e d  a t  the  maximum bandwidth. 

3025 *** SYSTEM FATAL MESSAGE 3025, ILLEGAL INDEX I N  ACTIVE RflW PR CflLUMN CALCULATIPN I N  ****. 
Poss ib le  machine e r r o r .  Rerun problem. I f  e r r o r  p e r s i s t s ,  a code e r r o r  e x i s t s  i n  t h e  
decomposit ion r o u t i n e .  

3026 *** SYSTEM FATAl MESSAGE 3026, MATRIX **** EXCEEDS MAXIMUM ALLOWABLE SIZE FflR BANDWIDTH PLUS 
ACTIVE CflLUMNS. BMAX = ****, CMAX = ****. 
S u f f i c i e n t  space was n o t  reserved  f o r  t h e  genera t ion  o f  t h e  B vs. C vec to r .  SDCPMP 
shou ld  be recompi led t o  i n c r e a s e  BMAX and CMAX. 

3027 *** USER INFORMATIgN MESSAGE 3027, DECflMPflSITIPN TIME ESTIMATE I S  ****. 
Gives t h e  es t imated  t i m e  r e q u i r e d  f o r  a decomposi t ion i n  seconds. 

3028 *** USER INFflRMATION MESSAGE 3028, BBAR = ****, CBAR = ****. R = ****. 
Gives t h e  l o w e r  bandwidth (BBHK) and number o f  a c t i v e  rows (CBAR) used i n  t h e  
decompos i ti on. 

3029 *** SYSTEM FATAL MESSAGE 3029, PHYSICAL END-OF-FILE ENCPUNTERED ON DATA SET **** (FILE ****) . 
Since l o g i c a l  End-Of-Fi les a re  used by GIN@, a p h y s i c a l  End-Of-F i le  i n d i c a t e s  an a t t e m p t  
t o  read  beyond v a l i d  data.  

3032 *** USER FATAL MESSAGE 3032, UNABLE T0 FIND SELECTED SET (****) I N  TABLE (****) I N  SUBRflUTINE 
(****) . 
A p a r t i c u l a r  s e t  used i n  t h e  problem was n o t  i n c l u d e d  i n  t h e  data.  Good examples a r e  
loads,  i n i t i a l  c o n d i t i o n s ,  o r  frequency s e t s .  I n c l u d e  t h e  r e q u i r e d  da ta  o r  change t h e  
Case C o n t r o l  Deck t o  s e l e c t  da ta  a l r e a d y  i n  problem. Se t  ze ro  (0)  has a s p e c i a l  meaning. 
,A s e t  s e l e c t i o n  was r e q u i r e d ,  b u t  none was made. F o r  examgle, no METJHgD was s e l e c t e d  f o r  
an e i  genval ue e x t r a m o n  problem. 

Th is  message can a l s o  i n d i c a t e  t h a t  a LQAD c a r d  has re fe renced  ano ther  L0AD card, wh ich  
i s  n o t  p e r m i t t e d  . 

3033 *** USER FATAL MESSAGE 3033, SUBCASE I D  **** IS REFERENCED ON PNE @R MORE RANDPS CARDS BUT 
I S  N@T A CURRENT SUBCASE ID. 

The RANDPS s e t  s e l e c t e d  can o n l y  re fe rence  subsase i d e n t i f i c a t i o n  numbers i n c l u d e d  .in t h e  
c u r r e n t  loop.  A l l  subcases i n  which t h e  d i r e c t  i n p u t  m a t r i c e s  o r  t r a n s f e r  func t ions  do 
n o t  chanqe are r u n  t o g e t h e r .  E i t h e r  add a subcase w i t h  re fe renced  i d e n t i f i c a t i o n  number, 
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change your  RANDPS cards o r  change t h e  i d e n t i f i c a t i o n  numbers on y o u r  c u r r e n t  subcases 

3034 *** USER WARNING MESSAGE 3034, PRTHflGBNALITY CHECK FAILED, LARGEST TERM = **** EPSI = **** 
The o f f - d i a g o n a l  terms o f  t h e  modal mass m a t r i x  are l a r g e r  than  the user  i n p u t  c r i t e r i a  
on t h e  EIGB o r  EIGR b u l k  da ta  ca rd .  The e igenvec to rs  a r e  n o t  o r thogona l  t o  t h i s  e x t e n t .  
T h i s  nonor thogonal  i ty i s  especi a1 l y  i m p o r t a n t  i f  a modal f o r m u l a t i o n  i s  contemplated. 

3035 *** USER INFORMATION MESSAGE 3035, F0R L0AD ** EPSILflN SUB E=*****. 

T h i s  i s  an i n f o r m a t i v e  message r e f l e c t i n g  t h e  accumulated r o u n d - o f f  e r r o r  o f  t h e  s t a t i c  
s o l u t i o n .  

3036 *** SYSTEM FATAL MESSAGE 3036, DATA SET ******** I S  REQUIRED AS INPUT BUT HAS NOT BEEN 
GENERATED 0R PURGED. 

3038 *** SYSTEM FATAL MESSAGE 3038, DATA SET *** DflES NOT HAVE MULTIREEL CAPABILITY 

Computer hardware/sof tware does n o t  suppor t  mu1 ti r e e l  f i l e s  . 

3039 *** SYSTEM FATAL MESSAGE 3039, ENDSYS CANNOT FIND SAVE FILE. 

F i l e  cannot  be found t o  save and r e s t o r e  e x e c u t i v e  t a b l e s  d u r i n g  l i n k  s w i t c h i n g .  

3040 *** SYSTEM FATAL MESSAGE 3040, ATTEMPT Tfl WRITE DATA SET ********(FILE ***) WHEN I T  I S  AN 
INPUT FILE. 

I n p u t  d a t a  b locks  f o r  a module (100 .LT. NAME .LT. 200) may be read o n l y .  

3041 *** USER WARNING MESSAGE 3041, EXTERNAL GRID PgINT *** DOES NflT EXIST flR I S  NOT A GEflMETRIC 
GRID POINT. THE BASIC @RIGIN WILL BE USED. 

The r e f e r e n c e  g r i d  p o i n t  s p e c i f i e d  on the  PARAM GRDPNT card  f o r  we igh t  and balance c a l -  
c u l a t i o n s  i n  GPWG cannot be used. 

3042 *** USER WARNING MESSAGE 3042, INCflNSISTENT SCALAR MASSES HAVE BEEN USED. 
EPS I LPN/ DELTA = *****. 
The GPWG has de tec ted  i n c o n s i s t a n t  s c a l a r  masses. D i r e c t  masses have been used. Skew 
i n e r t i a ' s  w i l l  r e s u l t .  Examine y o u r  s c a l a r  masses and CONMl cards. 

3043 *** USER FATAL MESSAGE 3043, UNCflNNECTED EXTRA PflINT (MflDAL CflflRDINATE=***) HAS BEEN 
DETECTED BY SUBROUTINE ****. 
E x t r a  p o i n t s  must be connected v i a  D i r e c t  M a t r i x  I n p u t  ( o r  T r a n s f e r  Func t ions )  i n  modal 
t r a n s i e n t  o r  frequency response. 

3044 *** USER FATAL MESSAGE 3044, A POINT flN NflNLINEAR LflAD SET **** NOLIN **** IS  NOT AN EXTRA 
PflINT. ONLY EXTRA POINTS MAY HAVE NONLINEAR LOADS I N  A MODAL FORMULATIgN. 

Modal t r a n s i e n t  a n a l y s i s  ( R i g i d  Format D-12) w i l l  suppor t  n o n l i n e a r  loads o n l y  on e x t r a  
p o i n t s .  P i c k  another  n o n l i n e a r  l o a d  s e t .  

3045 *** USER WARNING MESSAGE 3045, INSUFFICIENT TIME TO COMPLETE THE REMAINING ** S@LUTIflN(S) I N  
MgDULE ***. 
The t i m e  s p e c i f i e d  on t h e  NASTRAN TIME c a r d  has e x p i r e d  i n  t h e  named module. The 
module w i l l  be te rm ina ted .  NASTRAN w i l l  c o n t i n u e  r u n n i n g  u n t i l  t h e  t i m e  on t h e  j o b  c a r d  



DIAGNOSTIC MESSAGES 

expires .  Restar t  t o  obtain pr in t -out ,  complete solut ions  or  rerun problem. 

3 0 4 6  *** USER F F i i i L  i-IESSAGE 3 0 4 6 ,  Y@UR SELECTED LgADING C@Ni;iTi@Pi, I N I T I A L  C@NDITIfiN, AiiD 
NONLINEAR FORCES ARE NULL. A ZERO SOLUTION WILL RESULT. 

Transient solut ion must have one of the above nonzero: 

3047  *** USER FATAL MESSAGE 3 0 4 7 ,  NO MODES WITHIN RANGE PIND Lr4@DES=0. A MODAL FOR!IULATI@N CANNOT 
BE MADE. 

The modes used f o r  a modal forniulation must be se lec ted  by a PARPV card.  Set LFREQ, 
HFREQ o r  LMODES t o  request  modes. 

3 0 4 8  *** SYSTEM FATAL MESSAGE 3 0 4 8 ,  BUFFER CONTROL WORD INCflRRECT FOR GIN@ **** OPERATION ON 
DATA BLOCK ****. 
The buffer control word has been destroyed outside of GIN@ o r  an attempt to  READ a f i l e  
opened t o  WRITE or  s imi la r  e r r o r  has occurred. 

3049  *** SYSTEM FATAL MESSAGE 3 0 4 9 ,  G IN@ UNABLE TO POSITION DATA BLOCK **** CORRECTLY DURING **** 
OPERATIBN. 

A block number read does not match the expected block number. The f i l e  has been 
reposit ioned outside the  GINB envi ronment o r  a machine o r  operati  no system e r r o r  has 
occurred. 

3 0 5 0  *** USER FATAL MESSAGE 3 0 5 0 ,  INSUFFICIENT T IME REMAINING FOR DECflMPflSITION, ****. T IME 
ESTIMATE I S  **** SECONDS. 

The time estimated f o r  a decomposition exceeds the remainin! t i n e .  Increase the time 
estimate f o r  the  run. 

3 0 5 1  *** USER FATAL MESSAGE 3 0 5 1 ,  I N I T I A L  C@NDITI@N SET **** WAS SELECTED FOR A MODAL TRANSIENT 
PROBLEM. I N I T I A L  CONDITIj3NS ARE NOT ALLOWED I N  SUCH A PROBLEM. 

3 0 5 2  *** USER WARNING MESSAGE 3 0 5 2 ,  A RANDOM REOUEST FOR CURVE TYPE - **** -, P 0 I N T  - **** 
COMPONENT - **** -, SPECIFIES TOO LARGE A COMPONENT ID. THE LAST C O M P ~ N E N T  WILL BE 
USED. 

3 0 5 3  *** USER WARNING MESSAGE 3 0 5 3 ,  THE ACCURACY OF EIGENVALUE **** I S  I N  DOUBT. GIVENS-OR 
FAILED TO CONVERGE I N  **** ITERATIONS. 

Each eigenvalue i s  computed t o  the precision l imi t s  of each machine consis tent  with the 
maximum number of i t e r a t i o n s  allowed. A programming change would be required t o  
increase the maximum i t e r a t i o n  parameter. 

3 0 5 4  *** USER WARNING MESSAGE 3 0 5 4 ,  THE ACCURACY @F EIGENVECTOR **** CORRESPONDING TO THE 
EIGENVALUE **** I S  I N  DOUBT. 

The eigenvector f a i l e d  t o  converge in the  allowable number of i t e r a t i o n s .  Pa r t i cu la r  
a t t en t ion  should be given to  the  off-diagonal terms of the  modal mass matrix (MI) t o  
determine i f  t h i s  vector i s  orthogorial t o  the  remaining vectors.  

3055 *** USER FATAL MESSAGE 3055, AN ATTEMPT TI4 MIILTiP1.Y OF? MIILTTPLY ANn Ann MPN-CPNFPRMARLF 
MATRICES TgGETHER WAS WADE I N  MODULE ******. 
The rnul t i p1  yladd suhro~i t ine  requires  conforinabl e iiiatri ces . There a re  two possible 
equations 
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The number sf columns of [A] must be equal t o  the number of rows of [B] and the 
number of columns of [C] must be equal t o  the number of colulnns of [B] and the 
number of rows of [C] must be equal t o  the  number of rows of [A].  

2.  [XI = [ A ] ~ [ B ]  + [C] 

The number of rows of [A] must be equal t o  the number of rows of [B]; the number 
of columns of [C] must be equal t o  the number of columns of [B] and the number 
of rows of [C] must be equal t o  the number of columns of [A].  
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7.1 NASTRAN DICTIONARY 

This sec t ion contains descriptions of mnenionics, acronyms, phrases, and other  commonly used 

NASTRAN terms. The f i r s t  column of the Dictionary contains the NASTRAN terms in alphabetical  

order.  The second column contains a code indicat ing a general category f o r  each term. The codes 

and ca tegor ies ,  along with general references to  the  Programmer's Manual and User's Manual, a re  

as follows: 

Code Category 

I A Input - Executive Control 

I B Input - Bulk Data 

I C Input - Case Control 

General Reference 

UM-2.2 

UM-2.4 

UM-2.3 

EM Executive Module UM-5.3.4 

FMS Functional Module - Structura l  PM-4 

FMM Functional Module - Matrix Operation UM-5.3.1 

FMU Functional Module - Uti 1 i ty UM-5.3.2 

FMX Functional Module - User UM-5.3.3 

DBM Data Block - Matrix 

DBT Data Block - Table 

P Parameter Name 

L Rigid Format Label 

P H Common Phase o r  Term 

M Mi s c e l l  aneous 

The th i rd  column of the Dictionary contains a de f in i t ion  o r  description of the  terms given in  the 

f i r s t  column. References t o  the User's Manual are  indicated by UM-i and the Programmer's Manual 

by PM-i , where i i s  the sec t ion number of the manual . References t o  pa r t i cu la r  r i g i d  formats are 

indicated by D-i where i i s  the  displacement approach r i g i d  format number. 
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ACCE 

ACCELERATIBN 

Active Column 

ADD 

A D D  

ALL 

A L L E D G E  TICS 

ALTER 

ALWAYS 

A N D  

APUT$ 

AP P 

APPEND 

AUT0 

AUTP 

AXES 

AXIC 

AXIC 

AXISYMMETRI C 

PH 

FMM 

M 

M 

I A 

M 

I C 

DBT 

I C 

DBT 

Parameter value used to  control u t i l i t y  module MATGPR print 
of A-set matrices. 

Abbreviated form of ACCELERATIBN. 

Output request for acceleration vector. (UM-2.3, 4.2) 

Column containing a t  l eas t  one nonzero term outside the band. 

Functional niodule to  add two matrices together. 

Parameter constant used in u t i l i t y  niodule PARAM. 

Output request for  a l l  of a specified type of output. 

Requests t i c  marks on a l l  edges of X-Y p lot .  

Alter statement for DMAP or r igid format. 

Parameter s e t  to -1 by a PARAM statement in the Piecewise 
Linear Analysis Rigid Format (D-6). 

Parameter constant used in executive module PARAM. 

Indicates res ta r t  with solution s e t  output request. 

Control card which specifies approach (DISP or DMAP) .  

File may be extended (see FILE). 

Requests X-Y plot of autocorrelation function. 

Autocorrelation function table.  

Defines orientation of object for  structure plot.  

Generated by Input File Processor 3 (IFP3) for  axisymetrical 
conical shell  problems. 

Axisymmetrical conical shell  definition card. When th i s  
card i s  present, most other bulk data cards may not be used. 

Selects boundary conditions for  axisymmetric shell problem. 
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Upper semiband of matrix. 

2 [Bdd]  - Parti  t i  on of dl r e c t i n p u t  dariipi ng matrix.  

2 
[B ] - Direct input damping matrix f o r  a l l  physical po in t s ,  

PP 
Selects d i r e c t  input matrices - input on DMIG bulk data 
cards f o r  use i n  Dynamics Rigid Formats (0-7 t h r u  D-12). 

Indicates r e s t a r t  with change in d i r e c t  input damping 
matrices. 

[Baa]  - P a r t i t i o n  of damping matrix BAA 

BALL EDGE TICS 

DBM 

IC Request f o r  a1 1 edge t i c  marks t o  be p lot ted  on lower frame 
of an X - Y  p l o t .  

BAR 

BARgR 

BBAR 

BDD 

I C 

I B 

PH 

DBM 

Requests s t ruc tu re  p lo t  f o r  a1 1 bar  elements. 

Bar or ienta t ion defaul t  de f in i t ion ,  

Lower senliband of matrix. 

[Bdd] - Damping matrix used in d i r e c t  formulation of dynamics 
problems (D-7 t h r u  D-9). 

BDEBA 

BEGIN 

BEGIN BULK 

Parameter used t o  indicate  equivalence of BDD and BAA.  

The f i r s t  DMAP statement i s  always BEGIN. 

Control card which marks the  end of the case control  deck. 
Cards following t h i s  card are assumed t o  be bulk data  cards.  

[ B f f ]  - Parti  t i o n  of damping matrix.  BFF 

BGG 

DBM 

DB M [B ] - Damping matrix generated by St ructura l  Matrix 
g g  Assembler. 

Basic gr id  point  de f in i t ion  t ab le .  BGPDT 

BHH 

BKLO 

DBT 

DB M 

P 

[ B h h ]  - Par t i t i on  of damping matrix.  

Constant parameter value used in functional module SDR2 in 
the  Buckling Analysis Rigid Format (D-5). 

BKLl Constant parameter value used i n  functional module SDR2 in the 
Buckling Analysis Rigid Format (0-5).  

BL 

BLANK FRAMES 

BLEFT TICS 

Requests Benson Lehner p l o t t e r .  

Requests blank frames between s t ruc tu re  p lo ts  (UM-4.1) 

Request f o r  l e f t  edge t i c  marks to  be p lot ted  on bottom 
frame of an X-Y p lo t .  

BNN 

BgTH 

DBM 

I C 

[Bnn]  - Parti  t i on  of damping matrix.  

Bulk data echo option - Requests both unsorted and sor ted  
pr in tout  of bulk data deck. 

BPI Bits per inch - Plot tape density must be speci f ied  on control 
cards in addit ion to  t h i s  data card.  The required value w i l l  
vary from one i n s t a l l a t i o n  to  another. 
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BQ G 

BRIGHT TICS 

BUCKLING 

BUCKLING 

Bulk Data Deck 

DBM Single-point forces of const ra in t  f o r  a Buckling Analysis 
problem. (D-5) 

IC Request f o r  r i g h t  edge t i c  marks t o  be p lot ted  on bottom frame 
f o r  X-Y  p lo t .  

P Constant parameter value used in functional module READ i n  the  
Buckling Analysis Rigid Format (D-5). 

P Used in  pr in t ing r i g i d  format e r r o r  messages f o r  Buckling 
Analysis (0-5).  

PH The t h i r d  of the  three  data decks necessary t o  run a problem 
under the  NASTRAN sys tem. This deck begins w i t h  the  BEGIN 
B U L K  card and ends with the  ENDDATA card,  and contains the  data  
of the  mathematical model. The format of each- bulk data 
card is f ixed f i e l d ,  8 o r  16 columns f o r  each value. 
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Used in parameter sec t ion of DMAP statement. Indicates t h a t  
parameter i s  a constant .  

Symbol f o r  ac t ive  column in  t r i angu la r  decomposition ( ?  used 
f o r  act4 ve rows). 

CALCgMP 

CAMERA 

Request Cal i fornia  Computer p l o t t e r .  

Selec ts  one o r  both of the  two cameras f o r  the  SC 4020 cathode 
ray tube e l ec t ron ic  p l o t t e r .  This information must usually 
a l so  be given t o  the  p l o t t e r  operator on the  run submittal 
s l i p  which wi l l  vary from one i n s t a l l a t i o n  t o  another. (UM-4) 

CARDN0 

CASE 

Case Control Deck 

P 

FMS 

PH 

Parameter used t o  accumulate a count of a l l  card output punched 
except the  NASTRAN r e s t a r t  d ic t ionary .  

Extracts user request  from CASECC f o r  current  loop i n  dynamics 
r i g i d  formats (D-7 thru  0-12). 

The second of the  three  data decks necessary t o  run a 
problem under the  NASTRAN system. I t  contains cards which 
s e l e c t  pa r t i cu la r  data s e t s  from the  Bulk Data Deck, output 
request  cards and t i t l i n g  information. Cards in  t h i s  deck are  
f r ee  f i e l d .  

CASECC 

CASEXX 

CBAR 

CCBNEAX 

CDAMPl 

CDAMP2 

CDAMP3 

DBT 

DBT 

I B 

I B 

I B 

I B 

I B 

Case control data block. 

Case control data block as modified by functional  module CASE. 

Bar element connection de f in i t ion  card. 

Axisymetrical  conical she l l  element connection card.  

Scalar  damper connection de f in i t ion  card.  

Scalar  damper property and connection de f in i t ion  card 

Scalar  damper connection de f in i t ion  card (connecting s c a l a r  
poi nts ) . 
Scalar  damper property and connection defi  ni t i  on card 
(connecting s c a l a r  points ) . 

CEAD 

CEIG 

FMS 

P 

Complex Eigenval ue Analysis - Displacement. 

Parameter used in SDR2 in Complex Eigenvalue Analysis (D-7 
and D-10). 

CEIGN Parameter used in  VDR i n  Complex Eigenvalue Analysis (D-7 
and 0-10). 

CE LAS 1 

CELAS2 

CELAS3 

Scalar  spring connection de f in i t ion  card. 

Scalar  spring property and connection de f in i t ion  card.  

Scalar spring connection def in i t ion  card (connecting s c a l a r  
points ) . 
Scalar spring property and connecti on defi ni ti on card 
(connecting s c a l a r  points ) .  

CEND The l a s t  card of the  Executive Control Deck. 
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Checkpoint 

CHKPNT 

CHKPNT 

CLAMA 

CLEAR 

CMAS S 1 

CMASS 2 

CMASS 3 

CMP LEV 

Cold S t a r t  

COLOR 

CPND 

CONMI 

CONM2 

CgNRgD 

CgNRgD 

CgRD1 C 

CORD1 R 

CORD1 S 

CgRDPC 

C0RDZR 

CP RDZS 

CBSINE 

EM 

I A 

DBT 

I C 

The process of writ ing se lec ted  data blocks onto the New 
Problem Tape f o r  subsequent r e s t a r t s .  

Checkpoint module. 

Request f o r  checkpoint execution. 

Complex eigenval ue output table .  

Causes a l l  parameter values used f o r  X-Y p lo t s  t o  be r e se t  t o  
t h e i r  defaul t  values except p l o t t e r  and the  t i t l e s  (UM-4.2). 

Scalar  mass connection defi ni t i  on card. 

Scalar  mass property and connection def i ni t i  on card. 

Scalar  mass connection def in i t ion  card (connecting s c a l a r  
points) .  

Scalar  mass property and connection de f in i t ion  card (connect- 
ing s c a l a r  po in t s ) .  

Complex eigenval ue analys is  method se l ec t ion .  

Indicates  r e s t a r t  with change in  complex eigenvalue analysis 
method se l ec t ion .  

Parameter used i n  GKAD t o  indicate  complex eigenvalue 
problem. 

A NASTRAN problem i n i t i a t e d  a t  i t s  logical  beginning. A 
cold s t a r t  w i l l  never use an Old Problem Tape but i t  may 
c rea te  a New Problem Tape f o r  subsequent r e s t a r t s .  

Selec ts  ink color  f o r  table  p l o t t e r s  (UM-4.1). 

Conditional t r ans fe r .  

S t ructura l  mass element connection de f in i t ion  card. 

St ructura l  mass element connection de f in i t ion  card.  

Rod element property and connection de f in i t ion  card.  

Requests s t ruc tu re  p lo t  f o r  a1 1 CgNRgD elements. 

Cyl i ndri cal coordi nate system def in i t ion  (by gr i  d point  ID). 

Rectangular coordinate sys tem def in i t ion  (by g r id  point  ID). 

Spherical coordinate system de f in i t ion  (by gr id  point  ID). 

Cylindrical coordinate system def in i t ion  (by coordinates).  

Rectangular coordi nate system def in i t ion  (by coordinates) .  

Spherical coordinate system de f in i t ion  (by coordinates) .  

Indicates cosine boundary conditions f o r  conical she1 1 
problem. 

Parameter used t o  request coupled mass. 
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CPHID 

CPHIP 

CQDMEM 

CQDPLT 

CQUADl 

CQUAD2 

CRPD 

CSHEAR 

CSTM 

CTPRDRG 

CTRAPRG 

CTRBSC 

CTRIAl 

CTRIA2 

CTRIARG 

CTRMEM 

CT RP LT 

CTUBE 

CTWIST 

CURVLINESYMBflL 

CVISC 

DBM 

DBM 

I B 

IB 

I B 

I B 

I B 

I B 

DBT 

IB 

I B 

IB 

I B 

I B 

I B 

I B 

I B 

I B 

I B 

I C 

Complex Eigenvectors - solution se t ,  

Complex eigenvectors - physical s e t .  

Quadri 1 ateral  membrane element connection definition card. 

Quadrilateral bending element connection definition card. 

General Quadrilateral element connection defi ni t i  on card. 

Homogeneous quadrilateral element connection defi ni t i  on card. 

Rod element connection definition card. 

Shear panel element connection defini t i  on card. 

Coordinate System Transformati on Matrices . 
Toroi dal ring element connection card. 

Trapezoidal ring element connection card. 

Basic bending triangular element connection definition card. 

Genera1 t r i  angul a r  element connection def i ni t i  on card. 

Homogeneous triangular element connection definition card. 

Triangular ring element connection card. 

Triangular membrane element connection defi ni t i  on card. 

Tri angular bending el  ernent connection def i ni t i  on card. 

Tube element connection definition card. 

Twist panel element connection definition card. 

Request to  connect points with lines and/or to  use symbols 
for  X-Y plots.  

Viscous damper element connection definition card. 
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Parameter value used to  control u t i l i t y  module MATGPR pr in t  
of solut ion s e t  matri ces . 
Dynamic load scale  card. DAREA 

Data Block Designates a s e t  of data (matrix,  t a b l e )  occupying a f i l e .  
A f i l e  i s  "a l located"  t o  a data block and a data block i s  
"assigned" t o  a f i l e .  

Data Pool Fi le  An executive f i l e  containing t h e  @SCAR and any data blocks 
pooled by the  Executive Segment Fi le  Allocator (XSFA) module. 
The contents of t h i s  f i l e  are  described within the  data pool 
dict ionary (DPL) , 

DD 

DDRl 

DDR2 

Deck 

I C 

FMS 

FMS 

PH 

Requests Data Display p l o t t e r .  

Dynamic Data Recovery - phase 1 .  

Dynamic Data Recovery - phase 2 .  

1 .  NASTRAN Data Deck 
2. Executive Control Deck 
3. Case Control Deck 
4 .  Bulk Data Deck 
5.  Restart  Deck 

FMM To decompose a square matrix in to  upper and lower t r iangular  
f ac to r s .  

Default Many NASTRAN data i tems have defaul t val u e s s  uppl i ed by the  
system. For example, t he  defaul t  value f o r  MAXLINES i s  20000. 

Enforced element deformation de f in i t ion  cara .  

Enforced element deformation s e t  s e l ec t ion .  

Indicates r e s t a r t  with change in  enforced element deformation 
se l ec t ion .  

DEFflRMATIPN 

DELAY 

Delete 

DELTAPG 

I C 

I B 

I B 

DBM 

Indicates subcases t o  be used f o r  deformed s t ruc tu re  p lo ts .  

Dynamic load time delay card. 

Delete cards from Bulk Data Deck 

incremental load vector in Piecewi se  Linear Analysis Rigid 
Format (D-6 ) . 

DELTAQG Incremental vector of s ingle  point  cons t r a in t  forces in the  
Piecewise Linear Analysis Rigid Format (D-6). 

DELTAUGV DBM Incremental displacement vector in  the  Piecewise Linear 
Analysis Rigid Format (D-6). 

DENSITY 

DENSITY 

Density of 1 ines f o r  SC 4020 p l o t t e r .  

Plot  tape density must be speci f ied  t o  p l o t t e r  operator on 
run submittal form and will  vary Prom one i n s t a l l a t i o n  t o  
another (UM-4.1). 

DET Eigenvalue analys is  method option - determinant (see EIGR, 
EIGB, EIGC). 



DE F F  

DI FFSTI F 

DIRCEAD 

DI RECT 

DI RFRRD 

DI RTRD 

DISP 

DISP 

DISPLACEMENT 

DI V 

DLgAD 

DLgAD 

D L ~ A D $  

DLT 

DM 

DM AP 

DMAP Ins t ruct ion 

DMAP Language 

DMAP Loop 

DMAP Module 

DMAP Sequence 

DM1 

DM1 G 

DP D 

DP H 

DPHASE 

P 

P 

P 

P 

P 

P 

I A 

I C 

I C 

P 

I B 

I C 

M 

DB T 

DBM 

I A 

PH 

PH 

PH 

P H 

P H 

I B 

I B 

FMS 

M 

I B 
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Parameter used i n  the  Piecewise Linear Analysis Rigid 
Format (D-6). 

Parameter used in the  PRTPARM niodule in the Dif ferent ia l  
S t i f fness  Rigid Format (D-4). 

Used ill pr in t ing r i g i d  format e r r o r  messages f o r  d i r e c t  
complex e i  genval ue analys is  (D-7) 

Parameter used t o  indicate  d i r ec t  formulation of dynamics 
problems (D-7 thru D-9). 

Used in pr-f nting r i g i d  fonnat e r r o r  messages f o r  d i r e c t  
frequency response. 

Used in pr in t ing r i g i d  format e r r o r  niessages f o r  d i r e c t  
t r ans ien t  response (D-9). 

Displacement approach t o  s t ruc tu ra l  analys is .  

Abbreviated form of DISPLACEMENT. 

Request f o r  output of displacement vector o r  eigenvector.  
(UM-2.3, 4 . 2 )  

Parameter constant  used in  u t i  1 i t y  module PARAM. 

Dynamics load assembly de f in i t ion .  

Dyrlami c load s e t  so lut ion request .  

Indicates r e s t a r t  with change in dynamic load s e t  request .  

Dynanii c Loads Tabl e.  

[Dl - Rigid body transformati on matrix.  

Approach opt7 on (Direct  Matrix Abstraction Program). 

A statement i n  the  DMAP Language. 

Data block-oriented language used by the NASTRAN Executive 
System t o  d i r e c t  the sequence and flow of modules t o  be executed. 

A DMAP sequence t o  be repeated,  i n i t i a t a d  with a LABEL DMAP 
ins t ruct ion and terminated by a REPT DMP,P ins t ruct1  on. 

A module ca l led  by means of a DMAP in s t ruc t ion .  

A s e t  of DMAP in s t ruc t ions  . 
Direct Matrix Input (data  block i s  defined and used by user) .  

Direct Matrix Input - used in dynamic r i g i d  fomiats (D-7 t h r u  
0-12). 

Dynai.11 c !'t ' l i s t r i b u t o r .  

Data Pool Housekeeper - Executive rout ine .  

Dynamic load phase lead card.  
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DSO Parameter used in functi onal module SDR2 in the D i  fferentt a 1 
Stiffness Rig id  Format (D-41, 

Parameter used i n  functional module SDR2 in the Differential 
Stiffness Rigid Format (6-4j .  

Abbreviated form of DSCP)tFF%CI ENT. 

Indicates res ta r t  with change i n  di fferenti a1 s t i f fness  load 
factors. 

Selects s e t  of differential s t i f fness  factors which have been 
input on DSFACT cards. 

DSCBEFFICIENT 

Differential s l i  ffness coefficient s e t  number. Used in the 
Differential Stiffness Rigid Format (D-4). 

Differential s t i f fness  factor se t  definition card. DS FACT 

DSLPPP Controls DMAP looping in the Differenti a1 Stiffness Rigid 
Format (D-4). 

Differential Stiffness Matrix Generator - phase 1. FMS 

FMS 

IB 

Differential Stiffness Matrix Generator - phase 2. 

Direct Table Input - means by which user may direct ly input 
any table data block. 

FMX 

FMX 

FMX 

FMX 

PH 

This module i s  reserved for  user implementation. DUMMflDl 

DUMMgD2 

DUMMgD3 

DUMMPD4 

Dump 

This module i s  reserved for user implementation. 

This module i s  reserved for user implementation. 

This module i s  reserved for user implementation. 

Printed output of contents of a l l ,  or a portion, of main 
memory a t  some po in t  i n  the problem solution. 

DYNAMICS DBT Generated by the Input Fiili. Processor (IFP) for  Real 
Eigenval ue, Buckling, or any of the Dynamics Rigid Formats 
(D-3, D-5 and D-7 thru 8-12). 
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EAI 

ECHO 

ECPT 

ECPTNL 

ECPTNLl 

ECPTNLPG 

ECT 

E DT 

E E D  

EI GB 

EIGC 

EIGP 

EIGR 

ELEMENTS 

ELFgRCE 

ELSETS 

ELSTRESS 

E N D  

ENDALTER 

ENDDATA 

EO F 

EPBINT 

EPT 

E Q D Y N  

EQEXIN 

EQUI V 

I C 

I C 

DB T 

DBT 

DBT 

DBT 

DB T 

DB T 

I C 

I C 

DBT 

I C 

I A 

I A 

I B 

P H 

I B 

DBT 

DB T 

DBT 

EM 

Parameter value used by MATGPR t o  p r i n t  matrices associated 
wi t h  ex t r a  points . 

Requests EAI 3500 p l o t t e r .  

Output request  statement f o r  echo of bulk data .  

Element Connection and Properties Table. 

Nonlinear subset  of the  ECPT. This data block i s  used only 
in the  Piecewise Linear Analysis Rigid Format (D-6). 

Updated version of the  ECPTNL data block. Used only in  the  
Piecewise Linear Analysis Rigid Format (D-6). 

Error f l ag  f o r  the  Piecewise Linear Analysis Rigid Format 
(D-6). I f  a l l  elements i n  a piecewise l inea r  analys is  
problem a re  l i n e a r ,  t h i s  e r r o r  f l ag  i s  s e t  and a DMAP e x i t  
occurs. 

Element Connection Table. 

Enforced Deformation Table - generated by Input Fi le  Processor. 

Eigenvalue Extraction Data t ab le  (D-3, D-5, D-7, D-10, D-71, 
D-12). 

Real eigenval ue ext rac t ion data f o r  buckling analys is  (0-5).  

Conipl ex ei  genval ue ex t rac t i  on data card (D-7 and D-10). 

Complex e i  genval ue pole defini  t i  on card (D-7 and D-10). 

Real eigenvalue ext rac t ion data f o r  normal mode analysis 
(0-3, D-10 thru  0-12). 

Used i n  element s e t  de f in i t ion  f o r  s t ruc tu re  p lo t .  

Output request  card f o r  element forces .  (UM-2.3, 4.2) 

Element p l o t  s e t  connection tables  

Request f o r  output of element s t r e s s e s .  (UM-2.3, 4.2) 

E N D  i s  the  l a s t  statement i n  a l l  DMAP sequences. 

Last card of a l t e r  packet. 

End of Bulk Data Deck. 

End-of-Fi l e .  

Extra point  def in i t ion  card - used in  dynamics problems only.  

Element Property Table - output by Input Fi le  Processor. 

Equivalence of in ternal  and external  indices - dynamics. 

Equivalence of in ternal  and external  indices . 

Equivalence data blocks. 
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Equivalence 

ERR0Rl 

ERRPR2 

ERRgR3 

ERR0R.Q 

ERRpR5 

ERROR6 

EST 

ESTL 

ESTNL 

ESTNLl 

EXCEPT 

EXCLIJDE 

Executive 

Executive Control 
Deck 

Executive System 

EXIT 

External Sort 

Extra Point 

PH 

L 

L 

L 

L 

L 

L 

DB T 

DBT 

DBT 

DBT 

I C 

IC 

PH 

PH 

P H 

EM 

PH 

PH 

Data blocks are cons t dered equi val enced when referenix:, to 
their  equivalent names access the same physical data f i l e .  

Label used when r igid format errors are detected. 

Label used when r igid format errors are detected. 

Label used when r igid format errors are detected. 

Label used when r igid format errors are detected. 

Label used when rigid format errors are detected. 

Label used when rigid format errors are detected. 

Element Summary Table. 

Element Summary Table for Linear elements. Used only in the 
Piecewise Linear Analysis Rigid Format (D-6). 

Element Summary Table for  Nonlinear elements. Used only 
in the Piecewise Linear Analysis Rigi d Format (D-6). 

Updated version of the ESTNL data block. Used only in the 
Piecewise Linear Analysis Rigid Format (D-6). 

Forms exceptions to  s t r ing  of values in s e t  declarations. 

Used in s e t  definition for  structure plots .  

1.  Executive Control Deck 
2. NASTRAN Executive Sys tem 

The f i r s t  of the three data decks necessary to  run a problem 
under the NASTRAN system. This deck begins with the ID card 
and ends with the C E N D  card. Among other things, cards in t h i s  
deck select  the solution approach and r igid format to  be used, 
1 imi t the execution time, and control checkpointing and r e s t a r t .  

The Executive System in i t i a t e s  a NASTRAN problem solution via 
the Preface, allocates f i l e s  to  data blocks during problem 
solution, controls th& sequence of the modules t o  be executed, 
and provides fo r  problem res ta r t  capabi 1 i ty. 

Program termination DMAP statement. 

Order of grid, scalar  and extra points determined by the 
user's numerical order of point identification. 

A "point" which i s  defined on an EP0INT bulk data card. An 
extra point has no geometrical coordi nates, defines only 
one degree of freedom of the model and i s  used only in 
dynami cs sol uti ons . 
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F 

FBS 

FE 

FIAT 

FILE 

File 

FIND 

FINIS 

Finite Element 

FIST 

FgRCE 

F0 RCE 

FPRCEl 

FgRCE2 

FPRCEAX 

FREQ 

FREQ$ 

FREQl 

FREQ2 

FREQRESP 

FREQUENCY 

FRL 

FRQSET 

FRRD 

Functional Module 

P 

FMM 

P 

M 

DBT 

-- 

FMS 

Parameter value used by MATGPR to  pr int  F-set matrices. 

Forward and Backward Substitution. 

Parameter used by MATGPR t o  pr int  out FE-set matrices. 

File Allocation Table. Core resident executive table where 
data block names, s ta tus  of the data blocks (assigned to a 
f i l e ,  purged, equivalenced, e t c . )  and t r a i l e r  for  the data 
blocks are stored. 

The FILE DMAP statement specifies data block characteristics 
such as TAPE,  SAVE, and APPEND. 

Designates an auxiliary storage area or unit .  

Selects parameters for  structure plot.  

Label used in a l l  displacement r igid format DMAPs to  terminate 
execution of DMAP. 

Idealized unit of a structural model that  represents the 
distributed e l a s t i c  properties of a structure. 

File Status Table. Core resident executive table where 
internal f i l e  names and pointers t o  the FIAT, pertaining only 
t o  the module being executed, are stored. 

Mode number of f i r s t  mode selected by user in modal dynamics 
formul a t i  ons . 
Sta t ic  load definition (vector).  

Request for  output of element forces. 

S ta t ic  load definition (magnitude and two grid points).  

S ta t ic  load definition (magnitude and four grid points).  

S ta t ic  load definition for  conical shell  problem. 

Frequency l i s t  definition. 

Indicates res ta r t  with change in frequencies t o  be solved. 

Frequency l i s t  defi ni t i  on ( l inear  increments ) . 
Frequency 1 i s  t definition (logarithmic increments). 

Parameter used in SDR2 to indicate a frequency response problem. 

Selects the s e t  of frequencies to  be solved in frequency 
response problems. 

Frequency Response List . 
Used in FRRD to indicate user selected frequency s e t ,  

Frequency and Random Response - Displacement approach, 

An independent group of subroutines that perform a structural 
analysis func t i on ,  
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1.  Parameter used by MATGPR to  p r i n t  G-set matrices.  
2 .  Parameter used t,o input uni form s t ruc tu ra l  damping 

coe f f i c i en t  (0-7 thru D-9). 

GE I 

GENEL 

GEBMl 

DBT 

I B 

DBT 

General Element. Input.  

General element de f in i t ion  

Geometric data input t ab le  - generated by the Input Fi le  
Processor. 

DBT Connection input t a b l e  - generated by the Input Fi le  
Processor. 

DBT S t a t i c  load and temperature input t ab le  - generated by the  
Input Fi le  Processor. 

DBT Displacement s e t s  de f in i t ion  input t ab le  - generated by the  
Input Fi le  Processor. 

General input/output.  GIN@ i s  a col lec t ion of subroutines 
which i s  the  input/output control system f o r  NASTRAN. 

Storage reserved in  open core f o r  each GIN@ f i l e  opened. The 
s i z e  of t h e  buffer  i s  machine dependent. 

GIN0 Buffer 

Fi le  number used i n t e r n a l l y  in DMAP modules to  access data 
blocks . 

GIN@ Fi l e  Number 

I B 

FMS 

FMS 

DBM 

DBM 

Eigenvalue analys is  method option - Givens ( see  EIGR). GIV 

G KAD 

GKAM 

GM 

GM D 

General [ K ]  Assembler - Direct .  

General [K] Assembler - Modal . 
[G,] - mu1 t i  point cons t r a in t  transformation matrix.  

d [G,] - niul i t po in t  cons t r a in t  transformati on matrix used in 
dynamic ana lys i s .  

Generate FIAT. The preface rout ine  which generates the 
i ni t i  a1 FIAT. 

GNFIAT 

[Go] - s t ruc tu ra l  matrix pa r t i t i on ing  transformation matrix.  DB M 

DBM d [Go] - Structura l  matrix pa r t i t i on ing  transformati on matrix 
used in  dynamic analys is .  

GP1 

GP2 

GP3 

GP4 

GPCT 

GPDT 

GP I 

GPL 

FMS 

FMS 

FMS 

FMS 

DBT 

DBT 

M 

DBT 

Geometry Processor - par t  1 . 
Geometry Processor - par t  2. 

Geometry Processor - par t  3. 

Geometry Processor - par t  4 .  

Grid Point Connection Table 

Grid Point Definition Table. 

General Problem I n i t i a l i z a t i o n  (see  X G P I ) .  

Grid Point Lis t .  
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G P L D  

GPSETS 

GPSP 

GPSY 

GPYT 

GPWG 

GRAV 

GRDPNT 

GKDSET 

GkI D 

Grid Point 

GRID PgINTS 

HARMPN I CS 

!-ieader Record 

DBT 

DBT 

FMS 

DBT 

DBT 

FMS 

I B 

P 

Grid Point L i s t  k~sed i n  dynamic analysis. 

Grid point plot se t s .  

Cri ct Point Singularity Processor. 

Grid Point Singulari ty Table. 

Grid Point remperature Table. 

Gri d Point Wei g h t  Generator. 

Gravi ty vector defi ni t i  on card. 

Used in a1 1 displacement r igid formats to  specify execution 
of the grid point weight generator (GPWG) by\ the user. A 
gosi t ive value references a grid point of the structural 
model. A value of zero indicates the origin of the basic 
coordi nate sys tem. 

Grid point default definition card. 

Grid point definition card, 

A point in Eucl i dean 3 dimensional space defined on a GRID 
bulk data card. A grid point defines 6 degrees o f  freedom, 
3 translational and 3 rotational.  

Used in s e t  definition for s t ructure plots.  

I C Controls number of hamonics output in  axf syrimetric she1 l 
prob iems , 

PH I n i t i a l  record of a data block. Typically a header record 
contains only 2 BCD words, the alphanumeric name of the 
data  block . 

P High frequency l imit  for  nodal formulation of dynamics 
problems (D-10 t h r u  8-12). 
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Transient  analysis i n i t i a l  condi t ion  s e t  s e l ec t ion .  

The f i r s t  card of any data deck i s  the  iden t i f i ca t ion  (ID) 
card. The two data items on t h i s  card are  BCD values. 

Input File Processor. The preface module which processes 
the sor ted  Bulk Data Deck and outputs various data blocks 
depend-ing on f'7e card types present i n  the Bulk Data Deck. 

Input F i l e  Processor 1. The preface module which processes 
the  Case Control Deck and writes the  CASSECC, PCDB and XYCDB 
data blocks. 

IFPl 

Input F i l e  Processor 3. The preface module which processes 
bulk data cards f o r  a conical shel l  problem. 

Output request  f o r  real  and imaginary par ts  of some quanti ty 
such as displacement, load, s ing le  point  force of const ra in t  
element fo rce ,  o r  s t r e s s .  

I MAG 

Parameter constant  used i n  executive module PARAM. IMPL 

INCLUDE 

INERTIA 

Used in  s e t  def in i t ion  f o r  s t ruc tu re  p lo t s .  

Used -in pr in t ing r i g i d  format e r r o r  messages f o r  S t a t i c  
Analysis with Ine r t i a  Re!i ef  (D-2).  

A reserved NASTRAN physical un i t  (Tape) which must be s e t  
up by the user when used. 

INPT 

This module i s  reserved f o r  user implementation. INPUT 

Input Data Block 

FMX 

PH A data block input to  a module. An input data block must 
have been previously output from some module and may not be 
wri t ten  on. 

The card inout data t o  the NASTRAN system are  in  3 s e t s ,  t he  
Executive Control Deck, the t a s r  Control Deck, and the Bulk 
Data Deck, 

Input Data Cards 

INPUTTl 

INPUTTP 

IN PUTT 3 

INPUTT4 

Internal  Sor t  

FMX 

FM X 

FKX 

FMX 

PH 

Dummy user input module. 

Dumy user i nput rnodul e . 
Dummy user i n p u t  module. 

Dummy user input module. 

Same order as external  s o r t  except when SEQGP o r  SEQEP bulk 
data cards are used to  change the sequence, 

iilver;e power el'genval ue analys is  option - speci f ied  on 
E I G R ,  F!GB o r  El66 ca r&,  

Causes pr in tout  of r res idual  vectors i n  s t a t i c s  r ig id  formats 
when s e t  nonnegative via a PARAM bulk data card. (D-1, D-2, 
0-4, B-5, D-6)- 

IRES 

JUMP 

JUMPPLPT 

Unconditional t r a n s f e r  DMAP statement.  

Parameter used by s t ruc tu re  p l o t t e r  modules PLTSET and PLPT. 

7.1-16 
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2 [Kdd]  - Part i t ion of d i rec t  input s t i f f n e s s  matrix. DBM 

DBM [K2 ] - Direct input s t i f fness  matrix fo r  a l l  physical 
PP points.  

Direct input s t i f fness  matrix se lect ion.  

Indicates r e s t a r t  with change in d i r e c t  input s t i f f n e s s  
matrices . 

4 [Kaa] - Part i t ion of s t ructural  damping matrix. DBM 

DBM 

DBM 

4 [ K f f ]  - Part i t ion of s t ructural  damping matrix. 

4 [K ] - Structural  damping matrix generated by Structur_al 
gg Matrix Assembler. 
4 [ K n n ]  - Part i t ion of s t ructural  damping matrix. K4NN 

KAA 

KBFS 

DBM 

DB M 

DBM 

[K 1 - Part i t ion of s t i f fness  matrix. 
aa 
b [ K f s ]  - Parti  t i  on of combination of e l a s t i c  s t i f f f n e s s  

matrix and di f f e ren t i  a1 s t i f f n e s s  matrix. 

b [KRR] - Combination of e l a s t i c  s t i f f n e s s  and d i f fe ren t i a l  
s t i f f n e s s  used in s t a t i c  analysis with d i f fe ren t i a l  
s t i f f n e s s .  

DBM KBLL 

b [KsS]  - Part i t ion of combination of s t i f f n e s s  matrix and 
d i f fe ren t i a l  s t i f fness  matrix. 

KBSS 

d [Kaa]  - Parti  t ion of d i f fe ren t i a l  s t i f f n e s s  matrix. DB M 

DBM 

KDAA 

KDAAM d -[Kaa] - Differential  s t i f f n e s s  matrix used in formulation 
of buckling problems (D-5). 

DBM [Kdd]  - Sti f fness  matrix used in d i rec t  formulation of 
dynamics problems (D-7 thru D-9). 

KDD 

KDEK2 

KDEKA 

KDFF 

KDFS 

KDGG 

P 

P 

DBM 

DB M 

DBM 

Parameter indicating equivalence of KDD and K2DD 

Parameter i  ndi ca t i  ng equi valence of KDD and KAA. 

d [KffJ - Part i t ion of d i f fe ren t i a l  s t i f f n e s s  matrix. 
d [ K f s ]  - Part i t ion of d i f fe ren t i a l  s t i f f n e s s  matrix. 

d 
[K ] - Differential  s t i f fness  matrix prepared by Differential  

gg St i f fness  Matrix Generator 
d [ K n n ]  - Part i t ion of di f ferent idi  s t i f f n e s s  matrix. DBM 

DB M 

DB M 

DBM 

DB M 

KDNN 

KDSS 

KFF 

KFS 

KGG 

d [Kss] - Part i t jon of d i f fe ren t i a l  s t i f f n e s s  matrix. 

[K ] - Part i t ion of s t i f f n e s s  matrix. f f  

[ K  ] - Part i t ion of s t i f f n e s s  matrix. f s  

[K ] - Sti f fness  matrix generated by Structural  Matrix 
gg Assembler. 

[K' ] - Sti f fness  matrix fo r  l inea r  elements. Used only in 
gg the Piecewise Linear Analysis Rigid Format (0-6).  

KGGL 
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KGGLPG 

KGGNL 

KGGS UM 

KGGX 

KGGXL 

KHH 

KLL 

KL R 

KN N 

KgldB 

KRR 

KSS 

DBM 

DBM 

DB M 

DBM 

DBM 

DBM 

DBM 

DBM 

DBM 

DBM 

DBM 

Purge flag for KGGL matrix. If s e t  to -1, i t  implies that 
there are no linear elements in the structural mode7 . (8-6). 

[ K ~ ' ]  - Stiffness matrix for  the nonlinear elements. Used 
gg in the Piecewise Linear Analysis Rigid Format only. 

(D-6 ) . 
Sum of KGGNL and KGGL. Used in the Piecewise Linear Analysis 
Rigid Format only, (D-6). 

\ 

[K' 1 - Stiffness matrix excluding general elements. 
99 

[K~ ' ]  - Stiffness matrix for  l inear  elements (excluding 
gg general elements). Used in the Piecewise Linear 

Rigid Format only. (D-6). 

[ K h h ]  - Stiffness matrix used in modal formulation of 
dynamics problems (D-10 t h r u  D-12). 

[Kg'] - Stiffness matrix used in solution o f  problems in 
s t a t i c  analysis (D-1, D-2, D-4, D-5, D-6). 

[KRr] - Parti tion of s t i f fness  matrix. 

[Knn]  - Partition of s t i f fness  matrix. 

[800] - Partition of s t i f fness  matrix. 

[Krr]  - Partition of s t i f fness  matrix. 

[Kss] - Partition of s t i f fness  matrix. 
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Parameter value used by MATGPR t o  p r in t  L-set matrices. L 

LABEL 

LABEL 

DMAP 1 ocati on. 

Defines th i rd  l i n e  of t i t l e s  t o  be printed on each page of 
p r in te r  output. Also used on plots .  

Requests iden t i f i ca t ion  of grid points and/or elements on 
s t ruc tu re  plot .  

LABEL 

LAMA 

LBLi 

DBT 

L 

Real e i  genvalues. 

A label used i n  displacement approach r i g i d  formats where i 
represents one or  more characters used t o  form unique labels .  

b b [LRR] - Lower t r iangular  factor  of [KRR]. LBLL 

LEFT TICS 

DBM 

IC Request fo r  t i c  marks t o  be plotted on l e f t  hand edge of 
frame fo r  X-Y p lo t s .  

Low frequency l imi t  fo r  modal formulation of dynamics 
problems (D-10 t h r u  D-12). 

LFREQ 

Label used in  conjunction with the Grid Point Weight 
Generator. 

LGPWG 

LINE Number of data l ines  printed per page of p r in te r  output. 
I t  should be s e t  t o  50 fo r  11 x 17 inch paper, and t o  35 
fo r  8 1/2 x 17  inch paper. 

[LRR] - Lower t r iangular  factor  of [KRR]. LLL 

LMODES 

DBM 

P Number of lowest modes fo r  modal formulation of dynamics 
problems (D-10 t h r u  D-12). 

S t a t i c  load combination def ini t ion.  LOAD 

LOAD 

LOAD$ 

LVGARITHMIC 

LOGPAPER 

LVO 

LPOPI $ 

LflPPBGN 

1% 

I C 

M 

I C 

I C 

DBM 

M 

L 

S t a t i c  load s e t  se lect ion.  

Indicates r e s t a r t  with change in s t a t i c  load s e t  request. 

Requests logarithmic scales  f o r  X-Y p lots .  

Requests logarithmic paper fo r  X-Y p l o t s ,  

[Loo] - Lower t r iangular  f ac to r  of [Koo]. 

Indicates looping problem i n  modified r e s t a r t .  (PM-4.3.7.1) 

Signif ies  the beginning of the Piecewi s e  Linear Analysis 
Rigid Format DMAP Loop. (D-6). 

Signif ies  the end of the Piecewise Linear Analysis Rigid 
Format DMAP loop. (D-6). 

Indicates looping problem in  modified r e s t a r t .  (PM-4.3.7.1) LVe)P$ 

Le)WER TICS Request for  t i  c marks t o  be plotted on bottom edge of frame 
fo r  X-Y  plots .  

LUSET 

LUSETD 

Order o f  USET. 

Order of  USETD, 
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Parameter val ue used by MAPGPR t o  p r in t  M-set matrices. M 

M2DD 

M2PP 

M2PP 

M2PP$ 

M A A  

MASS 

MAT1 

MAT2 

MAT 3 

MATGPR 

MATPOgL 

P 

DBM 

DBM 

I C 

M 

DBM 

I B 

I B 

IB 

IB 

FMU 

DBT 

[M:~] - Parti  t ion of d i rec t  input mass matrix. 
2 

[M 1 - Direct input mass matrix fo r  a11 physical points.  PP 
Direct input mass matrix se lec t ion .  

Indicates r e s t a r t  with change in  d i r e c t  input mass matrices . 
[Mas] - Parti  t ion of mass matrix. 

Eigenvector normalization option - used on EIGR card. 

Materi a1 def ini t ion card fo r  i so t rop ic  materi a1 . 
Materi a1 defi ni t i  on card for  ani sotropi c materi a1 . 
Materi a1 defi ni ti on card for  orthotropi c materi a1 . 
Uti l i ty  module fo r  printing matrices.  

Grid point oriented d i r e c t  input matrix data pool , output by 
Input Fi le  Processor and used by functional module MTRXIN. 

MATPRN 

MATPRT 

Matrix Control Block 

Uti l i ty  module fo r  printing matrices . 
Uti 1 i ty  modul e fo r  pr int ing matrices . 

A seven word array,  the f i r s t  word i s  a GIN@ f i l e  number, 
and words 2 through 7 comprise a matrix t r a i l e r .  

Matrix Data Block A data block i s  c lass i f i ed  as a matrix i f  and only i f  i t  is 
generated by one of the NASTRAN matrix packing routines,  
PACK o r  BLDPK. 

Matrix Decomposition A factor izat ion of a matrix K so t h a t  K = LU where L i s  a 
unit  lower t r iangular  matrix and U i s  an upper t r iangular  
matrix. 

MATS 1 Specifies table  references fo r  stress-dependent material 
properties . 

MATT 1 Specifies table references fo r  temperature-dependent 
isot ropic  materi a1 properties . 
Specifies table references fo r  temperature-dependent 
anisotropic materi a1 properties . 
Specifies table references f o r  temperature-dependent 
orthotropi c materi a1 properties . 

MAX Eigenvector normalization option - used on EIGR, EIGB and 
EIGC cards. 

MAXIMUM DEF@RMATI @ N  

MAXLINES 

MCE l 

MCE2 

IC 

1 C 

FMS 

FMS 

Indicates scale fo r  deformed s t ructure  p lo t s .  

Maximum pr in te r  output l i n e  count - defaul t  value i s  20000. 

Multipoint Constraint Eliminator - part  1 .  

Mu1 t i  p o i n t  Constraint Eliminator - par t  2 .  
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MDD DBM [Mdd] - mass matrix used in direct  formulation of dynamics 
problems (D-7 t h r u  D-9). 

MDEMA 

MDLCEAD 

Parameter indicating equivalence of MDD and MAA. 

Used in printing r igid format error  messages for  modal 
complex ei genvalue analysis (D-10). 

MDL FRRD Used in printing rigid format error  messages for  modal 
frequency response (D-1 1 ) . 

MDLTRD Used in printing r igid format error messages for  modal 
transient response (D-12). 

MERGE 

METHBD 

METHID$ 

FMM 

IC 

M 

Matrix merge functional module. 

Selects method fo r  real ei genval ue analysis. 

Indicates r e s t a r t  with change in eigenval ue extraction 
procedures. 

[ M f f ]  - Partit ion of mass matrix. MFF 

MGG 

MHH 

DBM 

DBM 

DBM 

[M 1 - Mass matrix generated by Structural Matrix Assembler 99 
[Mhh]  - Mass matrix used in modal formulation of dynamics 

problems (D-10 thru D-12). 

[m] - Modal mass matrix. MI 

ML L 

ML R 

MNN 

%JAB 

M@ DACC 

M@ DAL 

W DAL 

DBM 

DBM 

DBM 

DBM 

DBM 

P 

IC 

P 

[MRR] - Partit ion of mass matrix. 

[MRr] - Partit ion of mass matrix. 

EMnn] - Parti tion of mass matrix. 
- 

[Meal - Partit ion of mass matrix. 

Requests mode acceleration data recovery. 

Requests structure plots of mode shapes. 

Indicates modal as opposed t o  direct  formulation of dynamics 
problems. (D-10 thru D-12). 

M0 DE L 

MQJDES 

Mg DES 

Indicates model number of structure plot ter .  

Duplicates output requests f o r  eigenval ue problems. 

Used in printing r i  id  format error messages for  normal 
modes analysis (D-37. 

Modified Restart PH Restarting (see Restart) a NASTRAN problem and redirecting 
i t s  sol uti on by changing the r i  gi d format and/or selected 
input data. 

Module PH A logical group of subroutines which performs a defined 
function. 

I B Conical shell  moment definition card. 

I B S ta t ic  moment load definition (vector).  
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MPMENT1 

MpMENI2 

MBBB 

MPC 

MP C 

MPC$ 

MPCADD 

MP CAX 

MPCFl 

MPCF2 

MP L 

MP T 

MPY 

MPYAD 

MR 

MRR 

MTRXIN 

I B 

I B 

DBM 

IB 

I C 

M 

I B 

I B 

P 

P 

PH 

DBT 

M 

FMM 

DBM 

DBM 

FMS 

S t a t i c  moment load def i ni t ion (magnitude and two gr id  points) .  

S t a t i c  moment load def ini t ion (magnitude and four gr id  points) .  
- 

[Moo] - Parti  t ion of mass matrix. 

Mu1 t i  poi n t  cons t r a i  n t  def i ni t i  on. 

Mu1 t i  point constra int  s e t  request. 

Indi cates r e s t a r t  with change in mu1 t i  point constra ints .  

Mu1 t i  point constra int  s e t  def ini t ion.  

Conical she1 1 mu1 t i  point constra int  de f in i t ion .  

No mu1 t i  point constra ints .  

No change in multipoint constra ints  f o r  loop. 

Module properties l i s t .  The MPL defines each DMAP module's 
name, the number of input,  output and scratch f i l e s  required 
and the parameter l i s t .  I t  i s  used by the preface module 
XGPI t o  generate the @SCAR. 

Material Properties Table - output by Input Fi le  Processor. 

Parameter constant used in  executive module PARAM. 

Performs multiply-add matrix operation. 

[my] - Rigid body mass matrix. 

[Mrr]- Par t i t ion of mass matrix. 

Selects d i rec t  input matrices fo r  current loop in dynamics 
problems (D-7 t h r u  D-12). 

Indicates negative x-axis di rect ion f o r  s t ructure  plot .  

Indicates negative y-axis di rect ion fo r  s t ructure  plot.  

Indicates negative z-axis di rect ion fo r  s t ructure  plot .  
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N 

NASTPLT 

WASTWN 

NASTRAN Data Deck 

NE 

NEIGV 

NEVER 

New Problem Tape 

NL FT 

NLLOAD 

N0 

NOA 

Ng52PP 

NOBGG 

NOCSTM 

NOD 

PH 

DBT 

IC 

I A 

Used i n  parameter sec t ion of OMAP s t a t en~en t .  Itidicates t h a t  
pa ramet~r  nlay not be givcfn a;? i n f t j a i  V ~ : L , C  w i t h  a PARRM bulk 
data card.  

Parameter value used by MATGPR t o  p r i n t  N-set matrices.  

Requests NASTRAN general purpose p l o t t e r .  

Acronym f o r  NAsa STRuctural ANalysis program. 

The composite deck consist ing of the  Executive Control Deck, 
the  Case Control Deck, and the  Bulk Data Deck. This deck, when 
preceeded by any necessary operating system control cards ,  
cons t i tu t e s  the complete card input f o r  a NASTRAN run (PM-5). 

Parameter value used by MATGPR t o  p r in t  out NE-set matrices.  

Number of real  eigenval ues found. 

Set  t o  +1 by a DMAP PARAM statement i n  the Piecewise Linear 
Analysis Rigid Format (D-6). 

See Problem Tape. 

Nonlinear function t ab le .  

Requests nonlinear load output f o r  t r ans ien t  problems. 

Option used on CHKPNT card, indica tes  tha t  no checkpoint 
i s  desired.  

Indicates no const ra in ts  applied t o  s t ruc tu ra l  model . 
No d i r e c t  input damping matrix.  

No viscous damping matrix (D-7 t h r u  D-9). 

No Coordinate System Trans formati on Matrices . 
No output request  t h a t  i s  l imited t o  independent degrees 
of freedom. 

No Dynamic Loads Table. 

No Ei genval ue Extraction Data 

No elements a re  defined. 

No Frequency Response L i s t .  

No general elements. 

No Gri d Poi n t  Def i ni ti on Tab1 e . 
No gravity loads. 

No d i r e c t  input s t i f f n e s s  matrices.  

No s t ruc tu ra l  damping niatri x. 

No independent degrees of freedom. 

Nonl i near t r ans ien t  dynamic load s e t  de f in i t ion  card. 

7.1-23 (3/1/7O) 



NASTRAN DICTIONARY 

NBF9 D 

NQJNCUP 

NQJNE 

NBNLFT 

NQJNLINEAR 

NBNLSTR 

NQJP 

N0P 

NSI L 

NSKI P 

N U M F  

14un i i r ,udr  trai-iz rentt dytrurnie load s e t  de f in i t ion  card. 

Plonlinear t r a n s i e n t  dynamic 1 oad s e t  de f in i t ion  card. 

Nonlinear t r ans ien t  dynarili c 1 oad s e t  de f in i t ion  card,  

Indicates r e s t a r t  of problem without DMAP loop. (PM-4. 3.7.1). 

No d i  r e c t  input mass matrices 

I f  functional niodule SMA2 generates a zero mass matrix, 
NBMGG i s  s e t  t o  -1. Otherwise, i t  i s  s e t  t o  -kl . 
Mode accelera t ion data recovery not requested.  

Indi cates diagonal M H H ,  B H H ,  and KHH a1 lowi ng uncoupled 
solut ion in TRD and FRRD.  

Override f o r  output and bulk data deck echo requests 

No nor11 i near function t ab le .  

Stilzcts nonli neav ioad f o r  t r ans ien t  problems. 

No s t r e s s  output request  f o r  nonlinear elements (0-6).  

Parameter constant used in  executive module PARAM. 

No output request  involving dependent degrees of freedom 
o r  s t r e s s e s .  

No Power Spectral Densfty L i s t  

No dependent coordinates 

No s t ruc tu ra l  elements are  defined.  

No r e q u e s t f o r  output sor ted  by point  number or  element number. 

No s ingle-point  const ra in ts  o r  f r e e  body supports.  

Parameter constant  used in u t i l i t y  lnodule PARAM. 

No Transfer Function L i s t ,  

No Transient  Response L i s t .  

No ext ra  points irltroduced f o r  dynanric analys is .  

Set by module PLAl as the Piecewise Linear Analysis Riqid 
Format DMAP loop counter,  (D-6) 

New P,*oblern Tape - a re;erved NASTRAN physical unit  (TAPF) 
which must be s e t  up by the user when used. 

Order of SIL t ab le .  

Locate current  boundary conditions in  Case Control. 

New User Master File - used only when operating NASTRAN as 
a user master f i l e  e d i t o r .  (See UMFEDIT). A reserved 
NASTRAN physical uni t  ( t ape )  which must be s e t  up by the 
user when used. 
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Number of eigenvectors found. 
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piGPST 

0GPWG 

Old Problem Tape 

BLgAD 

BMIT 

PJMIT 

@MITI 

@MITAX 

flNLES 

Open Core 

P 

DBT 

DBT 

DB T 

DB T 

DBT 

DB T 

DBT 

DBT 

DBT 

DBT 

DBT 

DBT 

DBT 

DBT 

DBT 

DB T 

FMS 

1 C 

DBT 

DBT 

P H 

I C 

1 B 

P 

I B 

I B 

DBT 

P H 

Parameter value used by MATGPR to p r in t  W e t  matrices.  

Element force output t ab le  (D-5). 

Elerne~t s t r e s s  output table  (!I-5). 

Forces of s ingle  point  cons t r a in t  output table  (D-5). 

Complex eigenval ue summary t ab le  (D-7, D-10). 

Complex eigenvector output t ab le  (D-7, D-10). 

Element force  output t a b l e  (D-I, D-2, D-4, D-5, D-6). 

Element force output t ab le  - SQlRT2 (D-9, D-12). 

Element force output table  (0-4). 

Element force output table  - complex (D-7, D-8, D-10, D-11). 

Element force output t ab le  - complex - SflRT2 (D-8, D-11). 

Real Eigenvalue summary output t ab le  (D-3, 0-5). 

Element s t r e s s  output t ab le  (D-1 , D-2, D-4, D-5, D-6). 

Element s t r e s s  output t ab le  - SflRT2 (0-9, D-12). 

Element s t r e s s  output t ab le  (0-4).  

Ele~nent s t r e s s  output t ab le  - complex (0-7, D-8, D-10, D-11 ) .  

Element s t r e s s  output t ab le  - complex - S0RT2 (D-8, D-11). 

Output Fi le  Processor. 

Selects from the  solut ion s e t  of frequencies a subset  f o r  
output requests.  

Grid point s ingu la r i ty  output t ab le .  

Grid point  weight generator output t ab le .  

See Problem Tape. 

Request f o r  output of external  load vector 

Omitted coordinate de f in i t ion  card.  

Indicates no omi t t e d  coordi nates.  

Omi t t ed  coordi nate de f in i t ion  card.  

Omitted coordinate de f in i t ion  card f o r  coni cal she1 l 
problems, 

Output table  f o r  nonlinear element s t r e s ses  (D-6). 

A contiguous block of working storage defined by a labeled 
comnion block, whose length i s  a variable determined by the  
NASTRAN executive rout ine  CDRSZ. 

S t d t i c  load  output t ab le  ( D - 1 ,  D- 2 ,  U 4 ,  D-5, D-6)" 
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DB T 

DBT 

DBT 

DBT 

Output table fo r  complex eigenvectors - solution s e t  (D -7 )  

Eigenvector output table  (D-3, D-5). 

Output table  f o r  complex eigenvectors - solution s e t  (D-10). 

Output table  f o r  nonlinear loads - solution s e t ,  SgRT1 
(D-9, 0-12). 

DBT Output table  fo r  nonlinear loads - solution s e t ,  SORT2 
(D-9, D-12). 

DBT 

DBT 

DBT 

DBT 

M 

Dynamic load output table (D-9, D-12). 

Dynamic load output table  - SORT2 (D-9, 0-12). 

Dynamic load output table  - SBRT1, complex (D-8, D-11 ) .  

Dynamic load output table - SORT2, complex (D-8, D-11 ). 

Old Problem Tape - a reserved NASTRAN physical unit  ( tape) 
which must be s e t  up by the user when used. 

DBT 

DBT 

Forces of sing1 e-point constra int  output table  (D-4). 

Single-point constra int  force output table  (D-1 , D-2, D-4, 
D-5, D-6). 

DBT Single-poi n t  constra int  force output table  - SgRT1 (D-9, 
D-12). 

DBT Single-point constra int  force output table - SORT2 (D-9, 
D-12). 

DBT Single-poi n t  constra int  force output table  - complex, SORT1 
(D-7, 0-8, D-10, D-11). 

DBT Single-point constra int  force output table  - complex, SORT2 
(D-7, D-8, D-10, D-11). 

@ R 

ORIGIN 

PJRTH~JGRAPHIC 

OSCAR 

Parameter constant used in executive module PARAM. 

Locates origin f o r  s t ructure  plot .  

Specifies orthographic projection fo r  s t ruc tu re  plot .  

Operati on sequence control array. Executive table  residing 
on the Data Pool F i l e  which contains the sequence of operations 
t o  be executed f o r  a problem solut ion.  The OSCAR i s  an 
expansion of a DMAP sequence, e i t h e r  input by the user o r  
extracted from a r i g i d  format, i n  internal format. 

DBT 

DB T 

DBT 

DBT 

Displacement vector output table  (D-4). 

Displacement vector output table  - solution s e t ,  SORT1 (D-9). 

Displacement vector output table  - solution s e t ,  SORT2 (D-9). 

Displacement vector output table  - solution s e t ,  SORT1, 
complex (D-8, D-11) . 
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I2)UPVl 

BUPV2 

aupvcl 

BUPVC2 

PUTPUT 

BUTPUT 

Outpu t  Data Block 

BUTPUT1 

BUTPUT2 

PUTPUT3 

P)UTPUT4 

OUTPUT(PL~T)  

OUTPUT (XYP)UT) 

PUTPUT ( X Y  PL0T) 

DBT 

DBT 

DBT 

DBT 

DB T 

DBT 

DBT 

DB T 

DBT 

DBT 

FMX 

I C 

PH 

FMX 

FMX 

FMX 

FMX 

IC 

IC 

I C 

Displacement vector output table - sol ution s e t ,  SORT2, 
complex (D-8, D-11). 

Displacement output table (D-1, D-2, D-4, D-5, D-6). 

Displacement vector output table - solution s e t ,  SBRT1 (D-12). 

Displacement vector output table - solution s e t ,  SORT2 (D-12). 

Displacement vector output table - solution s e t ,  SgRT1, 
complex (D-1 1 ) . 

Displacement vector output table - solution s e t ,  SpRT2 
complex (D-11 ). 

Displacement vector output table - SgRT1 (D-9, D-12). 

Displacement vector output table - SPRT2 (D-9, D-12). 

Displacement vector output table - complex, SORT1 (0-8, D-11). 

Displacement vector output table - complex, SORT2 (D-8, 0-11). 

This module i s  reserved for  user implementation. 

Marks beginning of printer output request packet - optional . 
A data block output from a module. A data block may be output 
from one and only one module. Having been output, i t  may be 
used as an input data block as many times as necessary. 

Dummy user output module . 
Dummy user output module. I 

Dummy user output module. 

Dummy user output modul e . 
Marks beginning of output request packet for  structure plots.  

Marks beginning of output request packet for  X-Y plots.  

Marks beginning of output request packet for  X-Y plots.  
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P 

Packed Format 

PAPER SIZE 

PARAM 

PARAM 

Parameter 

PARTN 

PBAR 

PBL 

PBS 

PCDB 

PCflNEAX 

PDAMP 

PDF 

PDT 

PELAS 

PEN 

PENSIZE 

PERSPECTIVE 

PFI LE 

PG 

PG 

PGl 

P GG 

PGVl 

PHASE 

PHI A 

I  C 

FMU 

I  B 

PH 

FMM 

I  B 

DBM 

DBM 

I  B 

I B 

DBM 

DBM 

I B 

I C 

I C 

I C 

P 

DBM 

DBM 

DBM 

DBbI 

DBM 

Parainetei- value used in M A I G P R  t o  p r j n t  P-set matrices.  

A matrix i s  sa id  to  he in packed format i f  only the nonzero 
elements of the  mdtr i x are  wri t t en  . 

Selects paper s i z e  f o r  s t ruc tu re  p lo ts  using t ab le  p l o t t e r s .  

Perfowns speci f ied  operatf ons on DMAP parameters. 

Parameter de f in i t ion  card. 

A FPRTRAN var iable  communicated to  a DMAP module by the NA;?RAi\l 
Executi ve Systeni through blank common. A parameter's posit ion 
in the  DMAP ca l l ing  sequence to  a module corresponds t o  the 
posit ion of the parameter in  blank common a t  niodul e executi on 
time. 

Matrix pa r t i t i on ing  functional module. 

Bar property def i ni t i  on card. 

A s c a l a r  multiple of the PL load vector.  Used only in  the 
Dif ferent ia l  S t i f fness  Rigid Format (D -4 ) .  

A s c a l a r  multiple of the PL load vector.  Used only in  the  
Differential  S t i f fness  Rigid Format (D-4). 

Plot  control data block ( t ab le  f o r  use with s t ruc tu re  
p l o t t e r  functional  niodule PLTSET) . 
Coni cai she1 I element property de f in i t ion  card.  

Scalar  damper property defi ni t i  on card.  

Dynamic load matrix f o r  frequency ana lys i s .  

Linear dynamic load matrix f o r  t r a n s i e n t  analys is .  

Scai a r  el  as t i  c  property defi ni t i  on card.  

Selects pen s i z e  f o r  s t ruc tu re  p lo ts  using t ab le  p l o t t e r s .  

Selec ts  pen s i z e  f o r  X - Y  p lo ts  using t ab le  p l o t t e r s .  

Specifies perspective projection fo r  s t ruc tu re  p lo t s .  

Parameter used by PLOT  nodule. 

Incremental load vector used in  Piecewi s e  Linear Analysis (D-6). 

S t a t i c s  load vector generated by SSGl 

S t a t i c  load vector f o r  Piecewise Linear Analysis (0-6) .  

Appended s t a t i c  load vector (D-I , 0-2). 

Matrix of successive sums of incremental load vectors used 
only i n  Piecewise Linear Analysis Rigid Format (D-6). 

gequests niayni tude and ptiase forin of complex quan t i t i e s .  

[ @  1 - Real eigenvectors - so?ut ion s e t .  a -  
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- Complex eigenvectors - solution s e t ,  di rect fo(.mu'lation, P H I  B 

PI4 1 DH 

DBM 

DBM [ I $ ~ ~ ] -  Transformation matrix between modal and physical 
coordinates. 

[ 4 ] - Real eigenvectors . 
9 

[$,I - Complex eigenvectors - solution s e t ,  modal formulation. 

W I G  

PHIH 

Physical Points 

DBM 

DBM 

PH Grid points and extra scalar  points introduced for  dynamic 
analysis. 

Pivot Point The f i r s t  word of each record of the GPCT and ECPT data 
blocks i s  called the pivot point. 

F L 

PLA 

DBM 

P 

{PR} - Parti tion of load vector. 

Used in printing r igid format error  messages for  Piecewise 
Linear Analysis (D-6). 

PLAl 

PLA2 

PLA3 

PLA4 

PLACgUNT 

PLALBLZA 

PLALBL3 

PIALBL4 

PLQEFFICIENT 

FMS Piecewise Linear Analysis - phase 1 

FMS Piecewise Linear Analysis - phase 2. 

FMS 

FMS 

P 

Piecewise Linear Analysis - phase 3. 

Piecewise Linear Analysis - phase 4. 

Loop counter in Piecewise Linear Analsis (D-6). 

Used in the Piecewise Linear Analysis Rigid Format only. (D-6) 

Used in the Piecewise Linear Analysis Rigid Format only. (D-6) 

Used in the Piecewise Linear Analysis Rigid Format only. (D-6) 

Selects the coefficient s e t  for  Piecewi se  Linear Analysis 
problems . 

PLFACT 

PLI 

PLg AD 

PLBADZ 

1 B 

DBM 

I B 

IB 

Piecewise Linear Analysis factor definition card. 

i ~ k l  - Partit ion of iner t ia  re l ie f  load vector. 

Pressure load definition (D-1 , D-2, D-4, D-5, D-6). 

Element Pressure loading for  two-dimensional elements (D-1 , 
D-2, D-4, D-5, D-6). 

PLBT 

PLBT 

PLBT$ 

Plot Tapes 

FMS 

I C 

M 

PH 

Structure plot generator. 

Execution card for  structure plot ter .  

Indicates r e s t a r t  with a structure plot request. 

Magnetic tapes containing NASTRAN generated data to drive 
off l ine plot ters .  PLTl i s  the name of the BCD plot 
tape, used by the EAI 3500, and PLT2 i s  the name of binary 
plot tape, used by the SC-4020. 

Plot element definition card used to  define convenient 
reference lines in structure plots.  

Used to select  one of several available plotters for  
structure p lo t te r .  



NASTRAN DICTIONARY 

PLTl 

PLTFLG 

PLTPAR 

PLTSET 

PLTSETX 

PMASS 

PNLD 

PNLH 

PO 

P a  1 

PBINT 

PgINTAX 

POOL 

P0UT$ 

PP F 

PPHIG 

PPT 

PQDMEM 

PQ DP LT 

PQUAD1 

PQUAD2 

Preface 

DBT 

DBT 

P 

DBT 

FMS 

DBT 

I B 

DBM 

DB M 

DBM 

DBM 

I B 

I B 

M 

M 

DBM 

DBM 

DBM 

I B 

I B 

IB 

I B 

PH 

Messages from p lo t  module concerning action taken by the 
s t ruc tu re  p l o t t e r  in  processing undeformed s t ruc tu re  p lo t s .  

Messages from p lo t  module concerning action taken by the 
s t ruc tu re  p l o t t e r  i n  processing deformed s t ruc tu re  p lo t s .  

Set  number on a PLFACT bulk data card chosen by the user in  
his case control deck. Used only i n  Piecewise Linear Analysis 
(D-6 ) . 
A reserved NASTRAN physical uni t  ( t ape )  which must be s e t  up 
by the  user when used - see  Plot  Tapes. 

A reserved NASTRAN physical un i t  ( t ape )  which must be s e t  
up by the  user when used - see  Plot  Tapes. 

Parameter used by PLjdT module. 

Plot  control t ab le .  

Plot  s e t  de f in i t ion  processor. 

Error messages f o r  p lo t  s e t s .  

Scal a r  mass property defi ni t i  on card. 

{P:I - Nonlinear loads i n  d i r e c t  t r a n s i e n t  problem. 

{P;I - Nonlinear loads i n  modal t r ans ien t  problem. 

{POI - P a r t i t i o n  of load vector.  

{ P A )  - Par t i t i on  of i n e r t i a  r e l i e f  load vector .  

Eigenval ue analys is  normalization option f o r  eigenvectors - 
see  EIGR, EIGC, EIGB cards. 

Conical she l l  point  used f o r  data recovery. 

Pool tape used by f i l e  a l loca to r .  

Indicates r e s t a r t  with a p r in t e r  output request .  

Dynami c 1 oads f o r  frequency response. 

Eigenvector components used t o  p lo t  deformed shape. (D-3, 
D-5). 

Linear dynamic loads f o r  t r ans ien t  analys is .  

Quadrilateral  membrane element property def in i ton card. 

Quadrilateral  bending element property de f in i t ion  card. 

General quadr i la tera l  element property de f in i t ion  card. . 
Homogeneous quadr i la tera l  element property de f in i t ion  card. 

Executive routines which are  executed p r io r  t o  the execution 
of the  f i r s t  module in  a DMAP sequence. The Preface consis ts  
of the executive routines necessary t o  generate i n i  t i  a1 NASTRAN 
operational  data and t ab les .  The primary Preface routines a r e  
GNFiAT9 XCSA, IFPI, XSfIRT, IFP, IFP3, and XGPI. 



NASTRAN DICTIONARY 

PRESAX 

PRT P!'F 

Problem Tape 

PRPJECTIflN PLANE 
SEPARATIflN 

PRTMSG 

PRTPARM 

PSDF 

PSDF 

PS DL 

PS F 

PSHEAR 

PST 

PTPRDRG 

PRTBSC 

PTRI A1 

PTRIA2 

PTRMEM 

PTRPLT 

PTUB E 

PTGIIST 

PUBGVl 

PUGV 

PUGVl 

PUNCH 

PURGE 

I B 

I C 

PH 

I B 

I C 

FMS 

FMU 

DBM 

DBM 

I  C 

DB T 

DBM 

I B 

DBM 

IB 

I B 

IB 

I B 

IB 

IB 

I  B 

I B 

DBT 

DB T 

DBT 

I C 

EM 

Defines s t a t i c  pressure loading f o r  the conical shel l  element. 

Selection o f  output media (PRINT or  PUNLd) .  

A magnetic tape containing data necessary f o r  NASTRAN problem 
r e s t a r t s .  A tape being generated i s  designated as the  New 
Problem Tape (NPPP) and i t s  content i s  la rgely  control led  by 
the DMAP in s t r~ac t ion  CHKPNT. This same tape when used as input 
t o  a subsequent NASTRAN r e s t a r t  i s  designated as the Old Problem 
Tape (PPTP). 

Rod property defi ni ton card 

Separation of observer and projection plane f o r  s t ruc tu re  
p l o t s .  

Message generator.  

P r in t s  DWP diagnostic messages and parameter values.  

{PSI - Par t i t i on  of s t a t i c  load vector. 

Power Spectral Density Function t ab le .  

Request f o r  output of Power Spectral Density Function i n  
Random Analysis (D-9, D-11 ) .  

Power Spectral Density L i s t .  

Part i  t i  on of load vector f o r  t r ans ien t  ana lys i s .  

Shear panel property de f in i t ion  card 

Pa r t i t i on  of l i n e a r  load vector f o r  t r ans ien t  analysis 

Toroi dal r i  ng property defi ni t i  on card 

Basic bending t r i angu la r  element property de f in i t ion  card 

General t r i angu la r  element property def in i t ion  card. 

Homogeneous t r i angu la r  element property de f in i t ion  card,  

Triangular membrane element property def in i t ion  card.  

Triangular bending element property defi r ~ i  t i  on card. 

Tube property def.i n'i t i  on card.  

Twist panel property de f in i t ion  card.  

Displacement vector components used t o  p lo t  deformed shape 
(0-4, D-5) .  

Displacement vector components used t o  p lo t  deformed shape 
(D-1 ,  D-2). 

Displacement components used t o  p lo t  deformed shape (D-6). 

Output media request ( P R I N T  o r  PUNCH). 

DMAP statemenfiwhich causes conditional purgirg of data 
block> 
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Purge 

PVISC 

P VT 

QDMEM 

(I DP LT 

QG 

QP 

QPC 

Q R 

QS 

QUADl 

QUAD2 

PH A data block i s  sa id  to  be purged when i t  i s  flagged in the 
F I A T  so t h a t  i t  w i l l  not  be a l located  t o  a physical f i l e  
and so t h a t  lnodu? es attempting t o  access i t  wi 11 be 
signaled.  

I B Viscous element property def in i t ion  card 

PH Parameter value t ab le .  The PVT contains BCD names and 
values of a l l  parameters input by means of PARAM bulk data 
cards.  I t  i s  generated by the preface module IFP and i s  
wr i t ten  on the Problem Tape. 

DBM 

I C 

IC 

DBM 

DBM 

DBM 

DBM 

DBM 

I C 

IC 

Single point  forces of const ra in t  i n  the  Dif ferent ia l  S t i f fness  
Rigid Format (0-4). 

Request s t r u c t u r e  p lo t  f o r  a l l  QDMEM elements. 

Requests s t r u c t u r e  p lo t  f o r  a l l  QDPLT elements. 

Constraint  forces f o r  a l l  gr id  points.  

Constraint  forces f o r  a1 1 physical points . 
Complex s ing le  point  forces of cons t r a in t  f o r  a l l  physical 
points . 
{qrl  - Determinate support forces.  

{qsl - Single-point  const ra in t  forces .  

Requests s t r u c t u r e  p lo t  f o r  a1 1 QUADl elements. 

Requests s t r u c t u r e  p l o t  f o r  a l l  QUAD2 elements. 
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Parameter value used by MATGPR to  p r in t  R-set matrices 

Request f o r  X-Y p lo t  of t h e  f i r s t  ro ta t ional  component 
(UM-4.2). 

Request f o r  X-Y p lo t  of t h e  f i r s t  ro ta t ional  component - 
imaginary and phase angle (UM-4.2). 

Request f o r  X-Y p l o t  of t h e  f i r s t  ro ta t ional  component - 
rea l  and magnitude (UM-4.2). 

Request f o r  X-Y p lo t  of the  second rota t ional  component 
(UM-4.2). 

Request f o r  X-Y p lo t  of t h e  second rota t ional  component - 
imaginary and phase angle (UM-4.2). 

Request f o r  X-Y p lo t  of the  second rota t ional  component - 
rea l  and mangi tude (UM-4.2). 

Request f o r  X-Y p lo t  of the  t h i r d  ro ta t ional  component 
(UM-4.2). 

Request f o r  X-Y p lo t  of t h e  t h i r d  ro ta t ional  component - 
imaginary and phase angle (UM-4.2). 

Request f o r  X-Y p lo t  of t h e  t h i r d  ro ta t ional  component - 
real  and magnitude (UM-4.2). 

Selec ts  the  RANDPS and RANDT cards t o  be used in random 
analys is .  

Random response solut ion generator.  RAN D@M 

RANDPS 

RANDTl 

RANDT2 

RB MG 1 

RBMGZ 

RBMG3 

RBMG4 

READ 

REAL 

REGI@N 

REIG 

FMS 

I B 

I B 

I B 

FMS 

Power spect ra l  density speci f i  ca t i  on. 

Autocorrelation function time lag .  

Autocorrelation function time lag .  

Rigid body matrix generator - p a r t  1 .  

Rigid body matrix generator - par t  2. FMS 

FMS 

FMS 

FMS 

I C 

I C 

P 

Rigid body matrix generator - par t  3. 

Rigid body matrix generator - par t  4. 

Real Eigenvalue Analysis - Displacement. 

Requests real  and imaginary form of complex quanti t i e s  . 
Specifies portion of frame t o  be used f o r  s t ruc tu re  p lo t .  

Parameter used in  SDR2 t o  indicate  Normal Mode Analysis 
(D-3). 

Allows another output request  f o r  the previous subcase 
(0-1, 0-2).  

REPCASE 

Controls looping in  S t a t i c  Analysis (D-1, D - 2 ) .  REPEAT 

REPEATD Controls looping in  S t a t i c  Analysis with Differenti  a1 
S t i f fness  (D-4). 
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REPEATE 

REPEATF 

REPEATT 

REPT 

RESPONSE 

RESTART 

Restart 

RFP) RCE 

RFORCE$ 

RG 

RIGHT TICS 

Rigid Format 

RI NGAX 

RLBADl 

RLBAD2 

RP) D 

RUBLV 

RUL V 

R U B V  

RXY 

RXYZ 

RXZ 

I B 

M 

DBM 

I C 

IB 

I B 

I B 

I C 

DBM 

DBM 

DBM 

IC 

Controls looping in Complex Eigenval ue Analysis (D-9, D-10). 

Controls looping in Frequency Response Analysis (D-8, D-11 ) .  

Controls looping in  Transient Response Analysis (D-9, D-12). 

DMAP statement to  condi t i  onal ly  repeat a loop. 

Request f o r  X-Y p lot  of any response outputs from t rans ien t  o r  
frequency response analysis (D-8, D-9, D-11 , D-12). 

First control card of checkpoint di c t i  onary . Contains 
ident i f icat ion of checkpoint tape. 

I n i t i a t i n g  a NASTRAN problem solution a t  a place other than 
i t s  logical beginning by u t i l i z ing  an Old Problem Tape created 
during a previous run. 

Rotational force def ini t ion card. 

Indicates r e s t a r t  with change in rotational force.  

Mu1 t i  point constra int  equations . 
Request f o r  t i c  marks t o  be plotted on r igh t  hand edge of 
frame f o r  X-Y p lots .  

A fixed Drestored DMAP sequence and i t s  associated r e s t a r t  
tables which perforx~ a spec i f i c  problem solut ion.  

Conical shel l  ring def ini t ion card. 

Frequency response load s e t  defi ni t i  on. 

Frequency response load s e t  def ini t ion.  

Requests s t ructure  plot  f o r  a l l  RPD elements. 

Residual vector - Differential  St i f fness  Rigid Format (D-4). 

Residual vector fo r  independent degrees of freedom. 

Residual vector f o r  omitted degrees of freedom. 

Requests vector sum of X and Y deformation components fo r  
s t ructure  plot .  

Requests vector sum of X ,  Y and Z deformation components f o r  
s t ructure  plot .  

Requests vector sum of X and Z deformation components fo r  
s t ructure  plot .  

RYZ Requests vector sum of Y and Z deformation components fo r  
s t ructure  plot .  
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Parameter value used by MATGPR t o  p r in t  S-set  matrices.  S 

SACCE 

SACCELERATI ON 

Abbreviated form of SACCELERATIgM. 

Output request f o r  solution s e t  acceleration vector. (UM-2.3, 
4.2) 

SAVE DFlAP statement which causes current value of parameter t o  be 
saved. 

SAVE Save data block fo r  possible looping i n  DMAP sequence (see 
FILE).  

S C 

Scalar  Point 

Selects  SC 4020 p l o t t e r .  

A point  which i s  defined on an SPgINT, CELAS1, CELAS2, CELAS3, 
CELAS4, CMASS1, CMASS2, CMASS3, CMASS4, CDAMP1, CDAMP2, CDAMP3, 
o r  CDAMP4 bulk data card. A s c a l a r  point  has no geometrical 
coordinates and defines only one degree of freedom of the model. 

SCALE 

SCEl 

SDAMP 

S DAMP $ 

SDAMPING 

Selects  sca le  f o r  s t ruc tu re  p lo t .  

FMS Si ngle-poi n t  Cons t r a i  n t  Eliminator . 
Modal s t ruc tu ra l  damping t a b l e  se lec t ion .  

Indi cates r e s t a r t  with change in  modal damping . 
Selects  table  which defines damping as a function of 
frequency in modal formulation problems. 

SDISP 

SDI SPLACEMENT 

Abbreviated form of SDISPLACEMENT. 

Output request fo r  solution s e t  displacement vector. (UM-2.3, 
4.2) 

SDRl 

SDR2 

S DR3 

SECTAX 

SEEMAT 

FMS 

FMS 

FMS 

I B 

FM U 

S t ress  Data Recovery - par t  1 .  

St ress  Data Recovery - par t  2. 

St ress  Data Recovery - par t  3. 

Defines conical shel l  sec to r  f o r  data recovery. 

Pr in ts  p ic to r i a l  representation of matrix showing location of 
nonzero elements. 

SEMl 

SEQEP 

SEQGP 

SET 

The NASTRAN Preface. 

Extra poi n t  resequenci ng. 

Grid o r  s c a l a r  point resequenci ng . 
Definit ion of a s e t  of elements, gr id  and/or sca la r  and/or 
ex t ra  points ,  frequencies, o r  times t o  be used in  se lec t ing  
output.  

SETVAL 

SHEAR 

SIL 

FMU 

IC 

DBT 

Parameter value i ni t i  a to r .  

Requests s t ruc tu re  plot  fo r  a l l  shear panel elements. 

Scalar  Index L i s t  f o r  a l l  gr id  poi n l s .  
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DBT Scalar Index L is t  f o r  a l l  gr id  points and extra  scalar  
points introduced fo r  dynamic analysis .  

Conical shel 1 request for  s ine  s e t  boundary conditions . SINE 

SINGLE 

SKIP BETWEEN FRAMES 

No s i  ngle-poi n t  constra ints .  

Request t o  i n s e r t  blank frames on SC 4020 p l o t t e r  f o r  X-Y 
p lots .  

SKPMGG Parameter used i n  s t a t i c s  t o  control execution of functional 
module SMA2. 

SLgAD 

S LT 

SMAl 

IB 

DB T 

FMS 

Scalar point load def ini t ion.  

S t a t i c  Loads Table. 

Structural  Matrix Assembler - phase 1 - generates s t i f f n e s s  
4 matrix [ K  1 and s t ructural  damping matrix [ K  I .  

94 99 
Structural  Matrix Assembler - phase 2 - generates mass 
matrix [M 1 and viscous damping matrix [B 1. 99 99 

FMS 

FMS Structural  Matrix Assembler - phase 3 - adds general element 
contributions t o  the s t i f fness  matrix [K 1. 

99 
SMPl 

SMP2 

SP)L 

FMS 

FMS 

I A 

Structural  Matrix Parti  t ioner  - part  1 

Structural  Matrix Parti  t ioner  - par t  2. 

Specifies which r ig id  format solution i s  t o  be used when APP 
is DISPLACEMENT. 

Solution Points 

SSLVE 

SORT1 

SORT2 

SflRT3 

P H 

FMM 

IC 

IC 

M 

Points used in the formulation of the general K system. 

Solves a s e t  of l inea r  algebraic equations. 

Output i s  sorted by frequency or  time and then by external ID. 

Output i s  sorted by external ID and then by frequency o r  time. 

Output i s  sorted by individual i tem o r  component and then by 
frequency or  time. 

SPC 

SPC 

SPC$ 

Si ngle-poi n t  constraint  and enforced deformation def ini t ion.  

Single-point constra int  s e t  se lect ion.  

Indicates r e s t a r t  with change in  s i  ngle-point constra int  s e t  
se lect ion.  

SPCl 

SPCADD 

SPCAX 

SPCF 

SPCFBRCE 

Si ngl e-poi n t  constra int  def ini t ion.  

Si ngle-poi n t  constraint  s e t  combination def ini t ion.  

Conical shel l s i  ngle-point constra int  def ini t ion.  

Abbreviated form of SPCFgRCE. 

Single-point constraint  force output request. (UM-2.3, 4.2) 
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Spi 11 

SPflINT 

S S G l  

SSG2 

SSG3 

SSG4 

STAT I C 

STAT1 CS 

STERE0SCgPIC 

STRESS 

S t r u c t u r a l  Element 

SUBCASE 

SUBC!i?M 

SUBSEQ 

SUBTITLE 

SUP AX 

SUPP)RT 

SVECT0R 

SVELP) 

SVEL@CITY 

SYM 

SYMBflLS 

SYMCPM 

SY MS EQ 

P H 

I B 

FMS 

FM S 

FMS 

FMS 

I C 

P 

I C  

I C 

PH 

I C 

I C 

I C 

I C 

I B 

I B 

I C 

I C  

I C  

I C 

I C 

I C 

I C  

Secondary storage devices are used because there i s  i n s u f f i c i e n t  
main storage t o  perform a ma t r i x  c a l c u l a t i o n  o r  a data 
processing operat ion.  

Scalar  p o i n t  d e f i n i t i o n  card. 

S t a t i c  So lu t ion  Generator - p a r t  1. 

S t a t i c  So lu t ion  Generator - p a r t  2. 

S t a t i c  So lu t ion  Generator - p a r t  3. 

S t a t i c  So lu t ion  Generator - p a r t  4. 

Requests deformed s t r u c t u r e  p l o t  f o r  problem i n  S t a t i c  Analysis.  

Parameter used i n  SDR2 t o  i n d i c a t e  S t a t i c  Analysis.  

Requests stereoscopic p ro jec t i ons  f o r  s t r u ~ r ~ ; e  p l o t .  

Element s t ress  output  request. (UM-2.3, 4.2) 

One o f  the  f i n i t e  elements used t o  represent a p a r t  o f  a 
s t ruc tu re .  

Subcase d e f i n i t i o n .  

This subcase i s  a l i n e a r  combination o f  previous subcases. 

Spec i f ies  c o e f f i  c i  ents f o r  SUBCBM subcases . 
Output l a b e l i n g  data f o r  p r i n t e r  output .  

F i  c t i  cious support f o r  con ica l  she1 1 problem. 

Fi  c t i c i o u s  support d e f i n i t i o n  card. 

Request f o r  output  o f  eigenvectors i n  the s o l u t i o n  s e t  (D-7, 
D-10) (UM-2.3, 4.2). 

Abbreviated form o f  SVELPICITY. 

Requests v e l o c i t y  output  f o r  s o l u t i o n  se t .  (UM-2.3, 4.2) 

Symmetry subcase d e l i m i t e r  card. 

Requests symbols a t  g r i d  po in t s  on s t r u c t u r e  p l o t .  

Assembly o f  symmetry subcase d e l i m i t e r  card. 

Assembly value o f  symmetry combi na t ion  card. 
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TA1 

TABDMPl 

Table Data Block 

TABLED1 

TABLED2 

TABLED3 

TABLED4 

TABLEMl 

TABLEM2 

TABLEM3 

TABLEM4 

TABLES1 

TABPT 

TABRNDl 

TAB RND2 

TAB RN D3 

TABRND4 

IC 

I C 

I C 

I C 

I C 

I C 

I C 

I C 

I C 

FMS 

I B 

Request f o r  X-Y p lo t  of the  f i r s t  t r ans la t iona l  component 
(LIM-4.2). 

Request f o r  X - Y  p lo t  of the  f i r s t  t rans la t ional  component - 
imaginary and phase angle (UM-4.2). 

Request f o r  X-Y p lo t  of the  f i r s t  t rans la t ional  component - 
real  and magni tude (UM-4.2). 

Request f o r  X - Y  p lo t  of the  second t rans la t ional  component 
(UM-4.2). 

Request f o r  X-Y p lo t  of the  second t r ans la t iona l  component - 
imagi nary and phase angle (UM-4.2), 

Request f o r  X-Y p l o t  of t h e  second t r ans la t iona l  component - 
rea l  and magnitude (UM-4.2). 

Request f o r  X-Y p lo t  of the  t h i r d  t r ans la t iona l  component 
(UM-4.2). 

Request f o r  X-Y p lo t  of the  t h i r d  t r ans la t iona l  component - 
imaginary and phase angle (UM-4.2). 

Request f o r  X-Y p lo t  of the  t h i r d  t r ans la t iona l  component - 
rea l  and magnitude (UM-4.2). 

Table Assembler. 

Tabular s t ructura l  damping function f o r  modal formulation 
(D-10, D-11, D-12). 

A data block which i s  in tabular  form ra the r  than matrix 
form. 

Dynamic load tabular  function (D-8, D-9, D-11, D-12). 

Dynamic load tabular  function (D-8, D-9, D-11, D-12). 

Dynamic load tabular  function (D-8, D-9, D-11 , D-12). 

Dynamic load tabular  function (D-8, D-9, D-11 , 8-12). 

Materi a1 property tabular  function.  

Materi a1 property tabu1 a r  function.  

Material property tabu1 a r  function.  

Material property tabular  function.  

Stress-dependent material tabular  function f o r  use i n  
Piecewise Linear Analysis (D-6),  

Table pri n ter .  

Tabular function f o r  use i n  Random Analysis (D-8, D-11 ). 

Tabular function f o r  use in Random Analysis (D-8, D-11 ) 

Tabular function f o r  use in Randorn Analysis (0-8, D - 1 1  ) .  

Tabular function for  use i n  Random Analysis (D-8, D-11 ) 
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Request f o r  p lo t t ing  a1 l edge t i c  marks on upper half  frame 
f o r  X - Y  p l o t s .  

TALL EDGE TICS 

Write data block on physical tape (see  FILE). TAPE 

TCURVE 

TEMP 

TEMPAX 

TEMPD 

TEMPERATURE 

Curve t i t l e  f o r  X-Y p l o t .  

Temperature f i e l d  de f in i t ion  card. 

Temperature f i e l d  de f in i t ion  f o r  conical shel l  problem. 

Default temperature de f in i t ion  card.  

Selec ts  the  temperature s e t  t o  be used in  e i t h e r  material  
property calculation o r  thermal 'I oadi ng . 
Indicates r e s t a r t  cilith change in  thermal s e t  f o r  s t a t i c  
loading. 

Indicates r e s t a r t  with change in thermal s e t  f o r  material  
properti  es . 
lndi cates r e s t a r t  with change in  thermal f i e l d  and thermal 
s e t  f o r  niateri a1 properties . 

TEMP ( LflAD) Temperature s e t  se lec t ion (applies t o  thermal load genera- 
t i on  only) .  

TEMP (MAT) Temperature s e t  se lec t ion (appl i es to  materi a1 proper t ies  
only j .  

Dynamic t r a n s f e r  function defini  Lion 

Indicates r e s t a r t  with change in  t r a n s f e r  function s e t  
s e l ec t ion .  

Transfer function s e t  s e l ec t ion .  TFL 

TFPoaL 

TH RU 

TIC 

TIME 

I C 

DBT 

IC 

I B 

I A 

Transfer function pool. 

Forms s t r i n g s  of values within s e t  declara t ions .  

Transi en t  Ini t i  a1 Condition s e t  de f in i t ion  card.  

User time estimate f o r  problem. This card i s  required in  
Executive Control Deck. In teger  time value i s  i n  minutes. 

Output 1 abel ing data f o r  p r i n t e r  output.  TITLE 

TLEFT TICS Request f o r  t i c  marks t o  be p lot ted  on l e f t  hand edge of 
top half  frame f o r  X-Y p lo t .  

TLflAD1 

TLflAD2 

Trai 1 e r  

TRANRESP 

Transient  load s e t  de f in i t ion  card.  

Transient  l o a d  s e t  de f in i t ion  card.  

A SE., 1 -rol block associated w i t h  a d a L i  b l o c k .  

n i  -opc,e Parameter used in SDR2 t o  ind ica te  Transient I?.,,,. 
Analysis (D-9, D-12) 

TRBSC Requests s t ruc tu re  p lo t  f o r  a l l  basic b.n( TI-i arlc t e 
elements, 
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Displacement vector f o r  a i i  gr id  points (D-4). 
b b [ U R R ]  - Upper t r i angu la r  f ac to r  of [ K R R ] .  

Displacement solut ion vector (D-4). 

UBGV 

UBLL 

UBLV 

lJB@@V Scalar  mu1 t i p l e  of U0@V in Different ia l  S t i f f n e s s  Rigid 
Format (0-4).  

Displacement, ve loci ty  and acceleration solut ion vectors in  
a t r a n s i e n t  analys is  problem - S0RT1. (D-9) 

UDVlT DBM 

Displacement, ve loci ty  and acceleration solut ion vectors i n  
a t r ans ien t  analys is  problem - S@RT2 (D-9). 

DBM 

Displacement solut ion vector in  a frequency response problem 
(0-8).  

UDVF 

Displacement, ve loci ty  and acceleration solut ion vectors in  
a t r a n s i e n t  analys is  problem (D-9). 

UDVT DBM 

Displacement vector f o r  ext ra  points in a frequency response 
problem (D-11). 

UEVF DBM 

Displacement vector f o r  ext ra  points in a t r a n s i e n t  response 
problem (D-12). 

UEVT 

Displacement vector f o r  a l l  gr id  points (D-1, 0-2, D-4, 0-5). UGV 

UGVl 

DB M 

DBM Successive sums of incremental displacement vectors.  
Piecewise Linear Analysis Rigid Format only (D-6). 

Modal frequency response solut ion vectors (D-1 1 ) . U H V F  

UHVT 

ULL 

U L V  

DBM 

DBM 

DBM 

DBM 

Modal t r a n s i e n t  response solut ion vectors (0-12). 

[ U R R ]  - Upper t r i angu la r  f ac to r  of [Kg%]. 

Displacement solut ion vector i n  s t a t i c  analyses (0-1 , D-2, 
D-4, D-5). 

Requests User Master F i l e  as input source. UMF 

UMF User Master F i l e ,  a reserved NASTRAN physical un i t  ( t ape )  
which must be s e t  up by t h e  user when used. 

Requests User Master Fi le  operational  mode of NASTRAN. UMFEDIT 

Unmodified Restart  Restart ing (see Restar t )  a problem without changing any data ,  
o ther  than output reques ts ,  of the  previous r u n .  

Remove data block from Pool Tape and place on a f i l e  f o r  use 
by a functional module. 

Unpool 

Requests unsorted echo of Bulk Data Deck (ECH@=UNS@RT) . UNSORT 

UOP, 

UWV 

UPPER T I C S  

[Uoo]  - Upper t r i angu la r  f ac to r  of [Koo].  

Part i  t ion  of displacement solution vector.  

Request f o r  t i c  marks t o  be p lot ted  on upper edge of frame 
f o r  X-Y p l o t .  
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UPV 

UPVC 

US ET 

USETD 

VANTAGE PPINT 

VDR 

VECTPR 

VECTPR 

VELP 

VELPCITY 

VIEW 

VISC 

W3 

W4 

WTMASS 

DB M T r a n s i e n t  s o l u t i o n  v e c t o r s  f o r  a77 p h y s i c a l  p o i n t s .  

DBM Frequency response s o l u t i o n  v e c t o r s  f o r  a1 1 p h y s i c a l  p o i n t s .  

DBT Displacement s e t  d e f i n i t i o n s .  (PM-1.7.3) 

DBT Displacement s e t  d e f  i n i  ti ons i n c l u d i n g  e x t r a  s c a l a r  p o i n t s  
i n t r o d u c e d  f o r  dynamic a n a l y s i s .  (PM-1.7.3) 

M Used i n  parameter s e c t i o n  o f  DMAP statement .  I n d i c a t e s  t h a t  
parameter i s  v a r i a b l e  and may be changed by module. I f  
changed va lue i s  t o  b e  used i n  subsequent DMAP i n s t r u c t i o n ,  
i t  must be saved (see SAVE). 

I C L o c a t i o n  o f  observer  f o r  s t r u c t u r e  p l o t .  

FMS Vector  Data Recovery. 

I C Request f o r  o u t p u t  o f  e igenvec to rs  f rom r e a l  o r  complex 
e igenvalue a n a l y s i s  (D-3, 0-5, D-7, D-10). 

I C Requests deformat ions on s t r u c t u r e  p l o t  w i t h  vec to rs .  

I C Abbrev ia ted  form o f  VELPCITY. 

I C Output  reques t  s tatement  f o r  v e l o c i t y  vec to r ,  (UM-2.3, 4.2) 

I C R o t a t i o n  o f  o b j e c t  f o r  s t r u c t u r e  p l o t .  

I C Request s t r u c t u r e  p l o t  f o r  a l l  v iscous damper elements. 

P i v o t a l  f requency f o r  u n i f o r m  s t r u c t u r a l  damping i n  t h e  
d i r e c t  f o r m u l a t i o n  o f  t r a n s i e n t  response problems (D-9). 

P i v o t a l  f requency f o r  element s t r u c t u r a l  damping i n  t h e  
d i  r e c t  f o r m u l a t i o n  o f  t r a n s i e n t  response problems (D-9). 

Weight t o  mass convers ion f a c t o r  used i n  SMA2 and GPWG. 
D e f a u l t  va lue  i s  1.0. 
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X 

XAXIS 

XBAXiS 

XBGRID LINES 

XCSA 

XDIVISI0NS 

XGP I 

XGRID LINES 

XINTERCEPT 

XLdG 

XM AX 

XMIN 

XPAPER 

XS FA 

XTAXIS 

XTGRID LINES 

XTITLE 

XVALUE PRINT SKIP 

XVPS 

XY 

XYCDB 

XY@UT 

XY PUT$ 

X Y  PEAK 

IC 

DBT 

Requests X vector f o r  deformed s t ruc tu re  p lo t .  

Request f o r  drawing of X-axis f o r  X-Y p lo t .  

Request f o r  drawing of X-axis on bottom half  frame f o r  X-Y p lo t .  

Request f o r  drawing gr id  l i n e s  f o r  X-axis on bottom ha l f  frame 
f o r  X-Y p lo t .  

Executive Control Section Analysis. The preface module which 
processes the Executive Control Deck and prepares the  control  
f i l e  on the  New Problem Tape. 

Request f o r  division marking on X-?xis. 

Executive General Problem Ini  t i a l i  mation. The preface module 
whose principal  function i s  t o  generate the @SCAR. I f  the  
problem i s  a r e s t a r t ,  XGPI i n i t i a l i z e s  data blocks and named 
common blocks f o r  proper r e s t a r t .  

Request f o r  gr id  1 i nes t o  be drawn on X-axis f o r  X-Y p lo t s .  

Specifies in t e rcep t  of Y-axis on X-axis. 

Request f o r  logari thmic sca le s  in  X-direction. 

Do not p lo t  points whose X value l i e s  above t h i s  value. 

Do not p lo t  points whose X value l i e s  below t h i s  value. 

Specifies length of paper i n  X-direction f o r  t ab le  p l o t t e r .  

Executive Segment Fi le  A1 loca to r  - t he  adminis t ra t ive  manager 
of data blocks f o r  NASTRAN. 

Executive s o r t  routine - t he  preface module which reads and 
s o r t s  the  Bulk Data Deck and wri tes  the  sor ted  Bulk Data Deck 
on the  New Problem Tape. 

Request f o r  drawing of X-axis on top hal f  frame. 

Request f o r  drawing of gr id  l ines  on top half  frame. 

X-axis t i t l e  f o r  X-Y p lo t s .  

Request t o  suppress labeling t i c  marks over the  speci f ied  
in terval  . 
Variable Parameter Set  Table. Executive t ab le  needed f o r  
r e s t a r t .  (PM-2.4) 

Requests X and Y vectors f o r  deformed s t ruc tu re  p lo t .  

SbRT3 type output requests (XYPLgTTER, XYPRINTER, Random 
Request) . 
Request t o  generate X-Y p lo t s .  

Indicates r e s t a r t  with an X-Y p lo t  request .  

Request t o  p r in t  the  maxinrurn and minimum values o f  the  speci f ied  
response . 
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XY PLgT 

XY PL0T 

XYPLTF 

XYPLTFA 

XY PLTR 

XY PLTT 

XY PLTTA 

XYPRINT 

XY PRNPLT 

XY PUNCH 

XYTRAN 

XYZ 

xz 

FMS 

I C 

DBT 

DBT 

DBT 

DBT 

DBT 

I C 

FMU 

I C  

FMS 

I C  

I C  

X-Y p l o t  generator. 

Request t o  generate X-Y p lo ts .  

XYPLgT inpu t  data block. (D-8, D-11) 

XYPLgT input  data block. (D-8, D-1'1) 

XYPLPT input  data block. (D-8, D-11) 

XYPLPT input  data block. (D-9, D-12) 

XYPLPT input  data block. (D-9, D-12) 

Request t o  tabulate XY pairs on the p r in te r .  

Dumny output module. 

Request t o  punch XY pairs.  

XY output trans1 ator. 

Requests X, Y and Z vectors f o r  deformed structure p lo t .  

Requests X and Z vectors f o r  deformed s t ructure p lo t .  
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Requests Y vector f o r  deformed s t ructure p l o t .  

Used i n  parameter section of DMAP statement. Indicates t ha t  
parameter may be given an i n i t i a l  value w i th  a PARAM bulk  
data card. 

YAXIS 

YBDIVISIPNS 

YBGRID LINES 

I C Request f o r  drawing o f  Y-axis. 

I C Request f o r  d i v i s ion  marking on Y-axis o f  lower h a l f  frame. 

I C  Request f o r  g r i d  l i nes  t o  be drawn on Y-axis o f  lower ha l f  
frame . 

YBINTERCEPT 

YBLlG 

I C Specif ies in tercept  o f  X-axis on Y-axis on lower h a l f  frame. 

I C  Request f o r  logari thmic scales i n  Y-direction on lower hal f  
frame . 

YBMAX I C DO not p l o t  points whose Y value l i e s  above t h i s  value f o r  lower h a l f  frame. 

I C  Do not p l o t  points whose Y value l i e s  below t h i s  value for 
lower h a l f  frame. 

Scalar mu l t ip le  o f  YS matrix. Used i n  D i f f e ren t i a l  St i f fness 
Rig id  Format only. (D-4). 

Y-axis t i t l e  on lower h a l f  frame. 

Request t o  suppress label ing t i c  marks over the spec l t ied 
in te rva l .  

YBMIN 

YBS DBM 

YBTITLE 

YBVALUE PRINT SKIP 

YDIVISI0NS 

YES 

Request f o r  d i v i s ion  marking on Y-axis. 

Option used on CHKPNT card, indicates tha t  checkpoint i s  
des i red. 

YGRID LINES 

Y I NTERCEPT 

Y L0G 

YMAX 

YMIN 

YPAPER 

YS 

YTDIVISI$NS 

YTGRID LINES 

I C 

I C 

I C  

I C  

I C 

I C  

DBM 

I C  

I C 

Request f o r  g r i d  l i nes  t o  be drawn on Y-axis. 

Specif ies in tercept  o f  X-axis on Y-axis. 

Request f o r  logari thmic scales i n  Y-di rect ion. 

Do not p l o t  points whose Y value l i e s  above t h i s  value. 

Do not p l o t  points whose Y value l i e s  below t h i s  value. 

Specif ies length o f  paper i n  Y-di rect ion f o r  tab le  p l o t t e r .  

{Y,) - Cons t ra ined displacement vector. 

Request f o r  d i v i s ion  marking on Y-axis f o r  upper hat+ 4 

Request f o r  g r i d  l i nes  t o  be drawn on Y-axis f o r  
frame . 

YTINTERCEPT 

YTITLE 

YTLBG 

I C  Specif ies in tercept  o f  X-axis on Y-axis f o r  uppel 

I C  Y-axis t i t l e .  

I C  Kequest f o r  logari thmic scales i n  Y-direction f o r  upper h a l f  
frame. 
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Y TMAX 

YTMIN 

Do not plot points whose Y value l i e s  above th is  value for 
upper half frame. 

IC Do not plot points whose Y value l i e s  below th is  value for 
upper ha1 f frame. 

YTITLE I C Y-axis t i t l e  for  upper half frame. 

YTVALUE PRINT SKIP IC Request to suppress labeling t i c  marks over the specified 
interval for  upper half frame. 

YVALUE PRINT SKIP I C Request to suppress labeling t i c  marks over the specified 
interval . 
Requests Y and Z vectors for deformed structure plot.  

IC Requests Z vector for  .deformed structure plot.  




